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(54) Piezoelectric/electrostrictive device and method of manufacturing same 

(57) A piezoelectric/Glectrostrictive device (10) 
comprises a pair of mutually opposing thin plate sec- 
tions (1 2a, 1 2b) and a fixation section (14) for supporting F 1 G. 1 
the thin plate sections (12a, 12b); and a piezoelectric/ 
electrostrictive element (18a, 18b) arranged on e&ch of 
the pair of thin plate sections (12a, 12b); wherein mov- 
able sections (20a, 20b) have mutually opposing end 
surfaces (34a, 34b); and a distance (Lc) between the- 
end surfaces (34a, 34b) is not less than a length (Df) of 
the movable section (20a, 20b). ■ 



4 




EP 1 089 352 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a piezoelec- 
tric/electrostrictive device which is provided with a mov- 
able section to be operated on the basis of a displace- 
ment action of a piezoelectric/electrostrictive element, 
or a piezoelectric/electrostrictive device which is capa- 
ble of detecting displacement of a movable section by 
the aid of a piezoelectric/electrostrictive element, and a 
method for producing the same. In particular, the 
present invention relates to a piezoelectric/electrostric- 
tive device which is excellent in strength, shock resist- 
ance, and moisture resistance and which makes it pos- 
sible to efficiently operate a movable section to a great 
extent, and a method for producing the same. 

Description of the Related Art: 

[0002] Recently, a displacement element, which 
makes it possible to adjust the optical path length and 
the position in an order of submicron, is required, for 
example, in the fields of the optics, the magnetic record- 
ing, and the precision machining. Development is ad- 
vanced for the displacement element based on the use 
of the displacement brought about by the inverse piezo- 
electric effect*or the electrostrictive effect caused when 
a voltage is applied to a piezpeiectric/electrosthctive 
material (for example, a ferroelectric material). 
[0003] As shown in FIG. 41 , for example, those hith- 
erto disclosed as such a displacement element include 
a piezoelectric actuator comprising a fixation section 
204, a movable section 206, and a beam section 208 
for supporting them which are formed in an integrated 
manner with a hole 202 provided through a plate- 
shaped member 200 composed of a piezoelectric/elec- 
trostrictive material and with an electrode layer 210 pro- 
vided on the beam section 20a (see, for example, Jap- 
anese Laid-Open Patent Publication No. 10-138665). 
[0004] The piezoelectric actuator is operated such 
that when a voltage is applied to the electrode layer 21 0 , 
the beam section 208 makes expansion and contracts 
in a direction along a line obtained by connecting the 
fixation section 204 and the movable section 206 in ac- 
cordance with the inverse piezoelectric effect or the 
electrostrictive effect. Therefore, the movable sect.on 
206 can perform circulararc-shapeddispiacementorro- 
tational displacement in the plane of the plate-shaped 
member 200. _ 
rooOBl On the other na nd, Japanese La ld . 0 pen Pat- 
ent Publication No. 63-64640 discloses a technique in 
relation to an actuator based on the use of a bi morph. 
in this technique, electrodes for the bimorph are provid- 
ed in a divided manner. The actuator is dnven du e to the 
qniortinn of the divided electrodes, and thus th 0 highly 



accurate positioning is performed at a high speed. This 
patent document (especially in FIG. 4) discloses a struc- 
ture in which, for example, two bimorphs are used in an 
opposed manner. 

5 [0006] However, the piezoelectric actuator described 
above involves such a problem that the amount of op- 
eration of the movable section 206 is small, because the 
displacement in the direction of expansion and contrac- 
tion of the piezoelectric/electrostrictive material (i.e., in 

10 the in-plane direction of the plate-shaped member 200) 
is transmitted to the movable section 206 as it is. 
[0007] All of the parts of the piezoelectric actuator are 
made of the piezoelectric/electrostrictive material which 
is a fragile material having a relatively heavy weight. 

is Therefore, the following problems arise. That is, the me- 
chanical strength is low, and the piezoelectric actuator 
is inferior in handling performance, shock resistance, 
and moisture resistance. Further, the piezoelectric ac- 
tuator itself is heavy, and its operation tends to be af- 

20 fected by harmful vibrations (for example, residual vi- 
bration and noise vibration during high speed opera- 
tion). 

[0008] In order to solve the problems described 
above, it has been suggested that the hole 202 is filled 
25 with a filler material having flexibility. However, it is clear 
that the amount of displacement, which is brought about 
by the inverse piezoelectric effect or the electrostrictive 
effect, is decreased even when the filler material is 
merely used. 

30 ' [0009] Further, the actuator described in Japanese 
Laid-Open Patent Publication No. 63-64640 has such a 
structure that the bimorph itself is composed of two pi- 
ezoelectric elements which are laminated with each oth- 
er, in addition to the feet that the bimorph is stuck to a 
35 fixation member or a mediating member. Therefore, the 
stress tends to remain, resulting from, for example, the 
curing and the shrinkage of an adhesive and the heating 
treatment required forthe sticking and the lamination. It 
is feared that the displacement action is disturbed by the . 
40 internal residual stress, and it is impossible to realize 
the displacement and the resonance frequency as de- 
signed. Especially, when the actuator is small in size, 
the influence of the adhesive is increased by itself- 
[0010] Accordingly, a method is conceived in order to 
45 exclude the influence of the adhesive required to effec 
the sticking, in which the actuator is composed of. ror 
example, an integrated sintered product made of ceram- 
ics to give * structure in which no adhesive is used. How- 
ever, also i n this case, it is inevitably feared that the m- 
50 ternal residue stress arises due to the difference m be- 
havior of ther^ at 3hri nkage between respective mem- 
bers during tht sintering . 

room Furthe. whGn the act -tor * small m size, a 
So biam is involve^ that the .: nation property of the 
5s actuator and the attachn, ert pr<^ ><ty ot *e actuator to 
another part are deficient 



eouewjopad BuijpuEg juauaoxa uiepo 01 aiqissod si n 
'ejojajagi " -uoiJBujJO'jap am 01 eouEiSjsaj Buojis ui But 
-^nsoj 'aiQixeu ajotu bjb aoBuns pua jagp am Bupnpui 
uoipas uoiibxij am jo uoipas opbaouj agi jo ued jagp 
-ue pue aoejjns puo auo 6uipnpu| uojjoas uojiexjj agi 
jo uonoas aiqeAOUJ aujl J° U Bd e 'saoejjns pua 6uisoddo 
AneninLU agi uaa/vgaq paiujoj si deB am uagAA [OSOOl 
•uoipas uoiibxij agi jo uoipas 
siqeAOuj agi jo luatuaoejdsp jo pnowB agi Bujseajo 
-ap inogiiM Aouanbajj aoueuosaj agi aseajom 01 ap 
-issod Sj n 'AjBupJOOOV 'SAoqe paquosap sjaqwauj agi 
jo auo news gi|M saoBjjns pua agi Buiujof jo 'saoB^ns 
pua 6upoddo Aneniniu agi uaa/vgaq auaAjapi 01 uon 
-oas uoijbxij am jo uoipas aiqeAOUJ agi jo jaqiuaiu 3A|i 
-nijisuoo agi uegi jaig6i| jaqiuaiu agi 6uimohb 'saoeuns 
pua Buisoddo AnBmniu agi uaaMpq dB6 agi Buiujjoj Aq 
uofloas uosjbxij agi jo uoipas apBAOiu aquoigfipMigBij 
b aziieaj ApAipajp oi aiqissod si u 'AjiEpadsa feiOOl 

•|BuaiEUJ oiueBjoui 
ub sb gons jaim b xilu oi apBjejajd osib si y 'ssaupjEg 
agi aouegua jagunj oi japjo ui auaAjapi oi ouAjoegiaw 
puB 'ohajob 'Axoda uo pasBq e>w am jo uisaj o|ub6jo 
moiib oi epBjapjd si n 'ssaupjEg agi pub 'aouBiujojjod 
Bunpueg agi 'aouBUJJOjjad 6u|U|o! am 'oidujBxo joj 'jo 
m3ia ui , AiiepadS3 'joajagi jauMpdoo jo ajnixw jo 'joq 
-qru pue piiAjoBgiauj 'auiujBpuj 'auajAp 'auajAx 'auad 
-jo] 'auoows 'puogd 'apiuJiApd ohajob 'Axoda uo p^seq 
asogi sb gons uisaj oiub6jo Apejajajd 'uisaj oiubdjo 
pue 'patuao 'ssb|6 'aidwexa joj 'Buipnpui sjaqiuauj pa 
-jajjrp agi jo joqujauj auJBS agi 'saoejjns pua 6u|SOddo 
Anenpuj agi uaawqaq pasodjapj aje luojjajaqiiuajajjip 
aie goigM sjaqtuaiu jo Ainejnid e jo 'uonoas uoiibxij, agi 
pue uoipas aiqeAOUJ agi p auo Aue p jaqwauj aAipws 
-uoo e se auJBS agi si goigM jaqujauj e ieg^ apejajajd 
osib si 11 saoBpns pua 6ujsoddo Anenpuj agi uaaMi 
-aq paujjoj s; de6 e iRgi aiqaiapjd osib si ]| felOO] 
uoipb juatuaoBidsip agj jo 
poads g6jg am SAajgoB oi Asea }i 6uiMeuj 'jiasji aoiAop o^ 
em jo A4!pi6u ui aseajouj ogi 01 Buimo Aouanbajj aoueuo 
-soj g6|g e uiEiqo oj aiqissod si y 'jogunj ^uoujooeidsp 
a6jei uieiqo 03 aiqissod si v. snm pue 'paseajoui s; juauj 
.0,0 eAipupojpappupapozaid om *o aojoj po^EjauaB 
agi 'si mi -paAaigoe si ajmeaj Buimohoj agj 'pajdopB si 
si OAoqe poquosop se pawobuejjE ogi uogM Ui-OO] 
■sapojpap p J|Ed am pue jaAei aAipupojpap/ouj 
-oopozoid agi Buipnpui goea sipn p Ainejnid e Buisud 
-ujoo lujoj pa^oe^s e u; paprujsuoo si patuap aAiioijj 
-sojpaia/oupaiaozatd am ^m apejapjd s; y 'Ajiepad a 
-S3 aoueujjopad asuodsaj agi aAOudiui 0] appsod si \\ 
•snm -uoipas uoijbxij agj jo uoipas apBAOUj am oi uon 
-oas ajBid uim am B|a paiiiujsuBJj Auuapijjo aq ueo juatu 
-sp GAipuisojpap/oupaiaozaid agi Aq pasneo uonejq 
-ia am : juaiua6uejJE sigi u| uoipas aiejd uim am ^eai s 
je uo paujjoj si sapojpap P J|Ed agi JO apojpap auo 
pue mbAbi aAnouisojpap/oupaiaozaid agi jo sapp gpq 
uo paujjoj sapojpap p Jied e pub jbAei aAipuisojpap 
pupapozeid b sny paujap eAipuisojioaia/oupaiaoza 



-oopozaid am uo paujjoj sapojpap P J^d b pue jbAbi 
aAipuisojpappupaiaozaidB aABg A"Buj]uaujaio aA|pui 
-sojpap/oupapozaid agi 'pawaBuejJE sigi ui [9 100] 
■6uuaiu|s p sueauj Aq aiBJjsqns oiujbjqo 
agi gi|M papjBaiui si 11 pue 'uojiBjnBipoo podegs-ujiu e 
seg luaiuap aA|puisojpap/oup9poza|d am jegi apeja 
-jajd osp si 11 -suoiyod Ajessaoauun jjo 6u|iino pue aieui 
-lubi uaaj6 oiujejao b Buuij-oo Aq ipn auo opi paiej6ai 
-ui aiBJpqns oiujejao b p pasodiuoo aje uoipas uone 
-xij agi pue 'uoipas apBAouj agi 'uoipas aieid uigi agi 
iBgi apejapjd osib si h 'saoejjns pua 6uisoddo Ayeninuj 
agi sapinsuoo uoipas yoino agi p UBd e pue :uo|pas 
jpinoe gi|M papiAOjd si uoipas uoiibxij agi pue uoipas 
apBAouj agi p auo Aue iegi aiqBjajajd osp si h [g lOO] 

•|BPUJ 

pue soiujEjao p siBuaiBiu ujojj paonpojd asogi 6up!q 
-luod Aq pauieiqo ajnpmis puqAg b 3ABg 01 papmisuoo 
aq Abuj siuauodujooagip goea 'jagynj •|BuaiEUJ iBiauj 
b jo apBUj aq Aelu ujam jo goea jo 'iBuaieuj oiluejoo e 
jo apeuj aq Aeuj siuauodiuoo agi jo gosa 'ApAiiBUjaiiv 
■|eiauj jo soiuJEjao jo apeuj aq Abuj uoipas aiejd uigi agi 
puB 'uoipas uoiiBxii em 'uoipas apBAOiu am fa 100] 

•uoiioas apBAouj agi 
jo giBuoi b uEm ssgi pu si sooEijns pua ogi uoOAMaq 
aouepip e pue :saoejjns pua Butsoddo Auemnuj seg uon 
-oas upiiexu agi pue suoipos apBAOiu agi p auo Aue ui 
-ojagM :suoipos aieid uigi jo j|ed agi jo uoipas aiejd uigi 
auoiSBOi ie uo paBuBjjespaiuap aAipmsojpappiJPO] 
-ooza|d ajouj jo auo pue :suoipas aieid uigi jo Jied ogi 
jo suoiuod pua pjbmjoj ie papjAOjd suoipas apeAOiu 
:suo|pas aieid uigi agi Buiuoddns joj uoipas uoiibxij e 
pue suoipas aie|d uigi 6u|soddo Ajiemniu p J|ed e Bui 
-sudujoo aoiAap aAipiJisojpaiapupapozaid e papjAOJd 

s| ajagi 'uoguaAui luasajd agi 01 6uipjooov [GlOO] 

uoipas 

epBAOuj agi jo uoiiEjqiA papp Apiejnooe oi aptssod 
1! S3>ieuj goigM juawap josuas b se na/w se '(Aouanb 
-ajj aoueuosaj g6|g e jo uoiiEzneaj) uoipas aiqeAOUJ am 
jo Aiieioadsa 'ao^ap ogi p uoiioe luauJOOEidsp agi jo 
paods g6|g e aAaigoB 01 aiqissod si n pue 'a6eipA aaoi 
ApAnepj e ie paoeidstp AjieajB aq Aeuj uoipas opbaouj 
agi iegi os 'ooiaop agi jo aouetujojjed uoiibxij ogi jo 
uoipas aiqeAOUJ agi 01 pagoene aq 01 sued joj aoueouoj 
-jodiuoLugoeye ogi puc ao|Aop ogi jo ooueiujojjod Buip 
-ueg agi aAOjdaJi puB 'uojioas uoiibxij e jo uoipas ape 
-aouj e jo ig6pM ig6n b Anepadso 'aojAop agi jo pBpM 
ig6i| e azijeaj 01 appsod 11 Bui^buj 'aoueppaj ajmspuj 
pue 'aoueisisaj >|oogs 'aoueujjojjad 6ui|puBg u| luaipo 
-xa Buiaq a[|g/v\ mBuajp (eoiuegoauj gB;g gi!^ asuodsaj 
paads gBig jo apedBO pue uo|iejq|A pjujjBg Aq papaije 
Apaieos si iegi paujap pawaoeidsp e ujeiqo 01 apis 
-sod i! a>jeuj goigM a lues agi 6upnpojd joj pogiauj b pue 
aoiAap aAipuisojpappuioapozaid e aptAOjd oi si goigM 
jo pafqo ue 'uoiiejapisuoo op? stuapojd 6u|o6ajoj agi 
6u|>iei apBLu uaaq SBg uoipaAui pasajd agi [siOO] 

N0I1N3ANI 3HldO AdVlMWOS 

C 



ZV Z9£ 680 I 63 



09 



OP 



OC 



JO JlfcJQ B DUjSUUlUOO UOlAOp OAlplJISOJpOjapiJpOlOOZu 

-id e fiupnpojd joj poqioiu b popiAOJd si ajGqi 'uohuoa 
-ui luasajd am jo padse joqioue 01 6uipjooov [tCOOl 

AiiptSu aqi 5s 
jo aouBuaiuiBtu aqi pue Aouanbajj aouBuosaj 146114 am 
jo uo!5B2!|B3J 3M4 "3"! 'leuaiBuj J8||jj am |0 aouasajd am 
oi Buimo pajja aq) aziieaj 01 aiqissod si u pue 'papBjai 
-unoo st leuaiBiu jeinj am Aq uoipas aiqBAouj am jo uon 
-OB ;uaujaoB|dS!P am jo uojpqisaj am 'ajojajaqi "uon os 
-oas aiqBAOiu aqi jo lunoiuB iuaujaoB|dsip am asBajow 
pue 'uonpas uoiibxij am jo uoipas aiqeAOiu am uo sa 
-OBjjns pua aq) jo uoiibiujoj am jo unsaj b sb iq6pM am 
aonpaj 01 spuaiui aAoqB paquosap uonuaAui am leuai 
-elu jsfjij am jo aouasajd am oi anp papuisaj Xiiensn s» st> 
uoipas aiqeAOiu aqi jo uoipBiuawaoBidsip aqi q6noqiie 
'pauja6uBjjB siqi ui -leuaieuj ja6 b qiiM panij si apq aqi 
)Bqi atqejajajd os|B si h 'uoipas uoiiBxy am jo hem jauui 
ub pub 'sjaqiuauj jo Aiuejnid am jo subm jauui 'suoipas 
aiqBAOLu am jo siibm jauui 'suoipas aiB|d uiqi jo j|Bd aqi op 
jo subm jauui moq Aq paiwoj si apq b uaqM [OCOO] 

*ao(A 

-ep aqi jo qiBuajp leoiuEqoaw am aAOjdwi 01 aiqissod 
i! sa^euj osie ssojis (Bnpisaj iBwaiui eqj jo assapj em 
'AjiBuoiiiPPV 'papedxa pub pau6isap ApiELUixojdde sb sc 
uoipas aiqBAOUj aqi jo uoipe pawaoEidsip om uiEiqo 
05 aiqissod si n ssajp [enpisaj leujaiui aqi Aq paipiquj 
jou si uoipas aiqBAOiu aq] jo uoipe luaiuaoBidsp aqi 
'uoiiuaAUj luasajd aqi ui 'aAoqB paquosap sv [6200] 

■saoejjns pua aq) uaaMiaq oe 
yed jaqiouE qoEUE oi juapijjns uiBjbuj e 9ai6 oi apis 
-sod si n 'ssajp (Bnpisaj |BUjaiui aq) oj anp paMOJjeu si 
saoBjjns pua aqi uaa/vqaq aouEisp am uaqM uaAa 'ajoj 
-ajaqi *apiM aq oj apetu si saoejjns pua aq) uaa/vqaq 
aouEjsip aq) 'uoquaAut juasajd aq) uj 'jaqunj [8200] sz 

saoejjns pua aq.) jo 
luaujaAOLU aqi Aq paseapj si 'uoipas aiB|d ujqi aqi jo 
/pue ]uawa|a aAipujsojpaiopupaiaozaid aqi ui paiBja 
-ua6 uaaq sBq qoiqM 'ssajp lenpisaj iBUjaiui aqi 'si ieq± 
• uoipas ejeid uiqi oqi jo/pub luaujata aAipuisojpappui oz 
-oaiaozaid aqi ui poiBjauaB ssajis iBnpisaj ibujoiui am 
Aq pauauoqs 'aidoiBxa joj 'si saoejjns pua aqi uaa/vuaq 
60UBisip am 'ajojajaqi uoipas uoubxu oqi pue uogoas 
aiqBAOLu oqi jo auo Aue uo papiAOJd eje saoejjns pua 
Buisoddo Aneninuj aqi 'uoouaAut luasajd aqi ui Lsoo] si 

■uoipas oiB|d 

uiqi am jo/pue luatuaia aAiiouisojpaia/oupaiaozaid 
aqi uj paiBjauaB sssjis iBnpjsaa leujaiui aqi Aq paitqiqui 
ajB uonoas aiqBAouj aqi jo uoipeiuaiuaoBidsip aqi pub 
jaAei aAipuisoJioaia/oiJioaiaozaid aqi jo oiisuaiOBjeqo oi 
(BuajBLu aqi 'si jeqi 'uosbbj 6uimo||Oj aqi jo asnsoaq 
•pawaia aAipuisojpaja/oiJpaiaozaid aqi fiuipnjjsuoo 
joj jaAei aAipuisojioaia/oupaiaozaid am oi pa^dde si 
Play oupaia pauiujjaiapajd e uaqM uaA© 'saseo aujos 
u; luaiuaoBidsip pajjsap aqi jiqtqxa iou saop uojpas $ 
aiqBAOiu aqi 'aiejs Sjq) ojojj Buiueis pasn pue paonpojd 
si aojAap aA!iO!J.isojpa|ap!Jpaiao7a!d aqi Jl [9200] 

■fiuuaiuis 

am Buunp pasneo sjaqujauJ SAiminsuoo aqi jo uoisued 

9 ZV Z$t 68 



-xd iHLUjoqi jo luopjjjaoo Uj oouojGjjip aqi pue ooe^uuqs 
aqi oi anp 'uoipas eiB|d uiqi aqi JO/pue juoujsio oaii 
-ouisojiooioptjpoiaozatd oqi oiui paiJOAuoo aq 01 uon 
-jod aqi )B paiBjauaS oq oi spuai ssajjs iBnpisaj [eujajui 
aqi 'Buuajuis paiejBaiui aqi jo subbuj Aq ajeujiuei oiiubj 
-ao a'm lio paujjoj si luaiuap aAipiJisojpappupapoz 
-aid aqi uaqM 'AjjBpadsg 'uoipas a]E|d uiqi am JO/pue 
luaujap aAjiouisojpaia/oupaiaozaid aqi oiuj paujjoj 
aq oi uojuod b ib paiejaua6 si ssajp |Bnppaj jBujaiu; 
aqi 'uo jaiBi paquosap sb poqiaiu uoiiblujoj ujhj aqi jo 
asn aqi uo paseq Suuaiuis paiBj6aiui aqi jo uoiibuiujbi 
am jo subbuj Aq 'aidwexa joj *(jiun auo oiui 6uuaiuts 
Aq paMOipj siaaqs uaaj6 oiujejbo Buiibuiiubi Aq pauiBi 
-qo) ajeujuuBi oiujBjao b uo paujjoj si luauiaia aAipuisoj) 
-oajapupaiaozaid aqi uaqM 'aidujBxa joj 'aoiAap aAjpui 
-sojpaiapupa|aoza|d aqi jo uoipnpojd aqi u| tszool 

•uoipas 

aiqeAOiu aqi jo uojiejqiA paiap AiaiBjnooe oi aiqissod it 
sa>|BUJ qoiqM luatuap josuas aqi sb na/w sb '(Aouanbajj 
aouEuosaj q6iq e jo uoiieziieaj) uoipas aiqBAouj aqi jo 
uo.ipB iuaujaoB|dsip aqi jo paads qBiq e aAaiqoB oi aiqp 
-sod si i! pub 'pooBidsip A|iBaj6 aq Ablu uoipas aiqBAouj 
eqi iBqi os 'aoiAap aqi jo aouBUjjojjad uoiibxij aqi pue 
'uoiiBzuniBiuiuj aqi 'uoipas aiqBAouj aqi 01 paqoeiiB aq 
oi suBd joj oouBUjJOjjad luaujqoene aqi sb hom sb aoiA 
-ap aqi jo aouBuuojjad 6ui|puBq aqi OAOjdiui pue 'uon 
-oas uoiibxij aqi jo uoipas apBAoai aqi jo jqBpM im6|| b 
A||Bpadsa 'aoiAap am jo iqBpM iqBn b azueaj oi aiqissod 
1! Bu^buj 'aoueisisaj ajnispuj pue 'aouBisisaj ^ooqs 
'aoueujjojiod 6ui|puBq ui juonooxa Bupq 3||qM qiBuajp 
IBOiuBqoaiu q6tu. miM asuodsaj paads q6|q jo aiqsdeo 
puB uoiiBjqiA injLUJBg Aq papajjB Apojbos si qoiqM juauj 
-aja juaujaoB|ds!p aqi uieiqo oi aiqissod s; ]i 'uoijusau! 
luasajd aqj o Buipjoooe 'aAoqB paqijosap sv [frSDO] 
Aii|iqB!iaj aq] aAOjduji oj aiqissod s; )! 'snqi *uoi)Jod 
uoiibxij pauiujjaiapajd b oi uoiiubaui siqi oi Supjoooe 
aoiAap aAiiouisojpaiapuioaiaozaid aqi xtj A|6uojis oi 
aiqissod si ]i 'saoejjns pue 6uisoddo AnBmnuj aqi seu, 
uoipas uoiibxij aqi uaqM 'puBq jaqio aqi uo IZZOOl 
'luaujaoBidsip aqi asBajo 
-ui oi aiqpsod si ii 'snqi uonoe aqi so>|Buj AjaAipajje 
ued aqi 6uipuoq jo Sulcus joj a^i| aq) jo aAisaqpe ub jo 
Auadojd leoisAtid aqi 'ajojejaqi -aoBjjns pua aqi jo apis 
aqi uo aouBpp eqi ueqi johbujs apBuj aq ueo uo.ipas 
aiqBAouj oqi jo qiBuai oq^ 'jaqun -j -moi aq oi ]JBd oqi 
6u!pnpu| apqM aqi jo iq6iaq aqi ujBiuiEUJ oi aiqissod si v. 
'AiBuipjoooy pappB Ajdujis iou ajB uoipas aiqeAOiu aqi 
jo ]q6pq aqi pue uBd aqi jo iq6pq aqi 'sapis qpq aqi 
uo pasodjaiui Dupq Aq piaq si ued aqi uagAA [S300] 
'UBd aqi ajnoas Aiqeipj oi aiqissod 
si ]i 'snui sapis qioq aqi uo pasodjaiui 6upq Aq ppq 
aq ueo yed aqi 'aw aqi jo aAisaqpe ub qjwv 'aidujexa 
joj 'pajnoas si ued aqi iBqi paujnsse mou si ii yed aqi 
joj aouBLUJojjad luaujqoBUB aqi aAOjdLUi oi aiqissod si ]i 
snqx -uoipas aiqBAouj aqi oi paqoeue si UBd jaqioue 
uaqM 'paseajoui aq ubo bbjb luaujqoBiie am 'ajojajaqj. 
uoipas aiqeAouj am jo qi6uai aqi ueqi ssai iou si sa 
-oBjjns pua aqi uaaMiaq aoueisip oqi 'joqunj [uoo] 

V 63 S 



) 



SU0I133S 3lB|d U|qi 943 OJU! pGUJJOJ 6q 0] SlOBgS uaajB 01 

-wEjao agi pub 'jagjouE auo 01 papauuoo AnBiuBd saoEj 
-jns pua Buisoddo AnEnpuj am ise8| ib Buiaem uoipas 
uoiibxij agi ojui pauuoj aq oi uotuod e jo uoipas apE 
-aouj agi oiu! poiujoj aq 01 uojuod b Buiuuoj joj mopuiaa 
b BujABg goBa sjaags uaajB oiujBjao jo AiijBjnjd 8 Bui 
-pnpui aiBuiuiBf uaajB oiujBjao b Buuaiuis AiiEJ&aiui Aq 
paonpojd si aiBuiuiei oiwBjao agi 'aieuiuiEj OiujBjao agi 
6uionpojd jo dais am ui iBgi aiqEjajajd osje si n feCOO] 

'juaiuaia aAipujsojpap 
/oupapozatd agi M3! M pstujoj aiEU|tuB| oituEjao agi JOj 
iuaujjBajj jjoino eg; p subbuj Aq paujjoj si 'uoipas apE 
-aolu ag4 jo gi6ua| aq} uBgi ssai jou $\ saosjjns pua agi 
uaaMjaq aouBisip agi gojgM ui pub saoBjjns pua Bupod 
-do Aneninuj agi isboi ib SBg goigM 'uoipas uoijexy agi 
jo uoipas aiqBAOiu agi 'dais jjoino agi ui pue :aiButujB| 
oiLUBjao agi aonpojd 01 jayEajagi suoipas aiB|d uigi agi 
ojui paouoj aq oi siaags uaaj6 oiwBjao am pub 'saoEj 
-jns pua 6upoddo A||Bnjnuj agi isB8| ib 6uiabm uoipas 
uoijbxij agi jo uoipas oiqBAOai agi 6u|ujjoj joj aaopuim 
b 6uiABq goBa siaags uaaj6 oiujBjao jo Aji|Bjn|d B But 
-pnpui aiBuiuJBi uaaj6 oilubjoo b 6uueiu|S A||bj6oiu! Aq 
paonpojd si aieuiwei oilubjoo agi 'aiBuioiBi oiiuBjaoegi 
Bupnpojd jo dojs agi ui icgi apEjapjd osib si h fa£00] 

luawaoeidsip aSjei 3>(euj 
01 uoipas aiqeAOUJ agi mohb oi aiqissod s\ }\ 'sngi -aoiA 
-ap am jolbouEiujouad uoiibxij agi pus 'uoipas apBAOtu 
agi oj pagoBiiB aq oj sued joj aouBujjojjad juawgoEj 
-ib am 'aoiAap agi jo aouEWJOjJod BunpuEg agi OAOJd 
-lu! pue 'uoipas uoiibxij agi jo uoipas apBAOUj agi jo 
jg6iaM igSj! agi Anspadsa 'aoiAap agi jo jg6|aM ig6|| agi 
a2i|Kaj oj aiqjssod si ji 'pogiauj 6unBuiuje|-jaags uaaj6 
oauBjao agi 6utsn Aq paonpojd si aomap aAjpupojioaia 
pupapozaid agi uagM 'ajopjagi paseataj ApAipaj 
-ja aq ueo 'uoipas aiefd uigi agi jo/pub luaiuaia baiidui 
-sojpappupapozaid agi ui pajBjauaB si upigM 'ssajis 
lenpisaj leujaiui agi '6uuaiuis ogi jo subblu Aq eiBuiwBi 
oiujBjao am uo paujjoj si juaujoja aAipuisojpafapupai 
-aozaid agi uagM Anepadsa 'aoiAop aAipuisojioappui 
-oopozoid agi jo uojpnpojd am ui 'AjBuipjooov Uzool 
luoaiaio oAiiouisojiooppupaiaozaid agi gjjM 
paujjoj aiBuiujBi oiujBjao agi joj luaujiBaJi jjoino jo auji] 
auo isboi ib jo subslu Aq 'uoipas aiqBAOUJ agi jo m6uai 
e uegi ssoi pu si soosjjns pua ogi uaoMpq oouBisip b 
uiajagM saoBjjns pua 6u|soddo A||Bmnuj issai ib ButABg 
uoipas uoijbxij agi jo suogoas apBAOiu agi Builujo] jo 
dais jjoino b pub :uoipas aiBjd uigi agi opi paujjoj aq 
oi aiBufUJB! oiujBjao agi jo uoiyod e jo aoeuns jaino ue 
uo paiuap aAipuisojpappupapozajd agi 6u|ujjoj jo 
dois e :aiBU|LUB| oilubjso agi aonpojd oi jaijBajagi suog 
-oas aiBjd uigi agi oiui paujjoj aq oi spags uaajB oiiubj 
-oo pue mopuim b BuiABg laaqs uaajB oiujBjao b iseaj 
IB Buipnpui aiBUioJBi uaajB oiujBjao b Buuajuis Aj|ej6 
-apt Aq aiBuauBi oauejao b Bupnpojd jo dais e Buisud 
-uioo potna^Li agi :suoipas aiB|d uigi jo j|Bd agi jo uon 
-oas ajRid'uim auo iseai ib uo poBubjjb sjuaLuap aAipui 
-sojpappupapozaid ajoiu jo auo pub :suoipas aieid 

9 



-oas aiqBAOUJ :suotpes aiBjd uim agi Butjjoddns joj uoii 
-ods uoiibxij b pus suoiioas aiB|d uigi Bujsoddo AnBninuj 

gg JO JIBd E BupudlUOO 33IA3P GAipupOJlOOPPUpOpOZOid 

e Bupnpojd joj pogiauj b papiAOjd si ajagi 'uoiiubaui 
luasajd agi jo padsB jagpuB mis oi 6uipjooov [9£00] 
'luaujaoBidsip agi aAOjdujt oi aiqis 
-sod si i! 'papuoq pus pasodjaiuj si uBd e uaq/v\ *iJBd agi 
0 s joj aouBUjjopad luaojgoBHB agi aAOJdiui oj aiqissod si ii 
'sngj. jojajagi bbjb paujgoBiiB a6jB| b apiAOjd oi apjs 
-sod si i! 'uoipas aiqBAOUJ agi oi pagoBiiB si UBd jamoue 
uagM 'saoBjjns pua agi uaaAAiaq aouBisip apjM agi pue 
saoBjjns pua 6uisoddo A||Bninuj agi jo aouasajd agi oi 
g p 6uimo aouBUjjopad Sunpueg u; paipoxa si aoiAap aAg 
-ouisojpaia/oupaiaozaid agi 'ajojajagi "uoiiBuojojap 03 
lUBisisaj A|6uojis S| if pub 'Aiqixay ajouj iuaq Sj uoipas 
uoiibxij agi jo uoipas aiqBAOUJ agi 'jagynj [9E00] 

■aoiAap aAipuisojpaia 
ot> pupapozaid aouBujjojjad g6ig agi jo uoipnpojd ssbuj 
agi aziiBaj oj aiqissod si n 'sngi 'uoipas apBAOiu am 
jo luaujaoBidsip jo lunoiuB agi 6uisBajoap inomiM asBa 
giiM paonpojd Aiiuapijje eq ubo 'Aouanbajj eouBuosaj 
agi asBajoui oi aiqissod 11 sa>iBaj goigM 'aoiAap aAipui 
sc -sojpappupapozajd agi 'ajojajagi 'uoipas uoiibxij 
agj jo uoipas aiqBAOUJ agi jo ig6j0M ig&i am sozhgoj 
saoBjjns pua Buisoddo A||Bninuj agi 6utABg uojpas uojiB 
-xjj agi jo uoipas aiqBAOiu agj jo uoisjAOjd agi lv£0O] 
•saoBjjns pua Buisoddo AnBninuj agi 6ui 
oc -ABg uoipas uoijbxij agi jo uoipas aiqBAOtu agi iujoj 01 
jjopo agi Buiujjojjad joijb paujjoj aq Aboj opojpop ogi 
uaABi aAfpijisojpaiapupaiaozaid agi jo uoiibujjoj ogi 
jaijB paujjoj aq 0} apojpap agi joj sv 'paujjoj si jaAei 
aAipuisojpappijpapozaid agj psai ib go^M ui aiBis 
sz e sajBoipuj upjag 01 pajjajaj juatuap aAiioujsojpoio 
/oupaiaozaid agi 6upnpojd jaije,, asEjgd agi [GEOO] 
ssajp |enptsaj leujaiui agi Aq paiiqigui 
jou si uoipas apBAOiu agi jo uoijob luaujaoBidsip agi 
'ajojajagi saoBjjns pua agi uaaMiaq aouBisip agi Bui 
oz -uauogs Aq 'aidiuExa joj 'pasBapj s; 'uoipnpojd agi Bui 
-jnp uoipas aiB|d uigi agi jo/pue jueujap OAipuisojpaia 
pupapozoid agi ui poiBjauaB uooq seg goigM 'ssojis 
IBnpisoj iBUJajui agi 'AiBupjooov saoejjns pua 6uisod 
-do AjiBniniu agi SBg goigM uoipas uoiibxij agi jo uon 
si -oas aiqBAOiu ogi papiAOjd $\ ajagi 'itnsoj b sv [2C00] 
uoipas aiB|d uigi ogi uo lusujap OAipuisojpoiopupoi 
-aozaid agi isbbi ib 6upnpojd jaijB uoipas uoiibxij ogi 
opi paujjoj aq 01 uoiuod b jo suogoas aiqBAOUJ agi oiui 
paujjoj aq 01 uoiuod b jo auo Aub jo ued pauiujjaiapajd 
oi b jjo Bunino Aq 'uoipas aiqBAOiu agi jo giBuoi b usgi 
ssai jou si saoBjjns pua agj uaaAMaq aouejsip b upjsg/w 
saoBjjns pus 6uisoddo A||Bnjnuj 6u|ABg uoipas uoiibxij 
agi jo suoipas 3|qBA0w am 6uilujoj jo dais b Buisud 
-luoo pogiauj agi :suoijoas aiB|d ujgi jo jisd agi jo uoii 
g -oas ajB|d u;gi auo isbbi ib uo pa6uejjy siuaujap baijoui 
-sojpaiapupapozaid ajoiu jo auo pue isuorpas eiejd 
uigi jo jiBd agi jo suoi.yod pua pjemjoj ib papiAOjd suon 
-oas 3|qHA0Lu :suoij03S aiBjd uigi agi Buiuoddns joj uon 
-oas uombxij b pub suoipas aiB|d uigi 6uisoddo AjiBninui 



ZV 2SG 680 I d3 I 



-iujbi oiwEjao em qoiqM ui poqpw uoipnpojd isjij 
©qi ui ssaoojd aiBpawjaiui ub saiBJisnni 61 'Old 
:aiBU|WEi oiiuBjao eqj 
uo pawjoj si lueuiep eAipuisojpeiapupepozoid 
e uaqi pue 'ajEuiiuBj oiwbjoo pojajup e oiui payOA 
-uoo si aiBinwBi uaaj6 oiwejao aqi qoiqM ui poq3aw 
uoipnpojd isjjj am ui aiEis b saiBJisnm 8t 'Old 

:paiujoj 

si aiBUjWBi uaajB oiiuBjao e qoiqM ui poqiaw 
uoipnpojd jaiy am "! aiBis b saiBJisnni zl "Old 
tpomauu uoipnpojcUsjy e joj pajmbaj spaqs uaajB 
oiujBjao 6u!}buhjjs| joj ssaoojd e ssiejisnni gt 'Sid 
:aoiAap aAipujsojpafa 
pupapozaid am jo juawipoqwa pauipow qius 
-A8s b 6u!iej5sn||i m8ia aAipadsjad b SMoqs g i 'Old 

laojAap aAipui 

-sojpappMPaiaozaid am ;o juawipoqwa payipow 
qjxp b 6uiiBJjsnn! m9ia aAipadsjad b SMoqs p i 'Old 

:ao|A9p aAjpijj 

-S0JP9|9P!JP9|90zatd eqi jo luowpoqwe pajjipouj 
qijfj ^ BuiiBJisnw m9ia aAipadsjad b SMoqs ci 'Old 
:uojiuaAU! juasejd eqi jo 
luawipoqwe em 01 Buipjoooe 90|A6p aAjpujsojpaia 
pupapozoid oqj jo juawipoqwa payipow qynoj 
e 6u!ieJi9n||i m9|a aAipadsjad b smoms z\ 'Old 

luoijuaAut ju3S3Jd 
oqj jo juawipoqwa aqi oj BupJOOOB aojAap aAipui 
-sojpojapupaiaozaid aqi jo juawpoqwa payipow 

pjimB6unB^Sn||tMa!A9A!P9dSJ9dBSM0qS u Old 

:ju3wpoqwa payipow puooas aqi 01 BuipjoooB ao|A 
-op eAipujsojpaiapupaiaozaid aqi ui uoipe iuaw 
-aoeidsip aqi saMew luawap aAipiJisojpaiapujoai 
-eozaid 3qi qoiqM u; uotjenjis e sajEJjsniji oi Old 
:ju3UJ3|a SAijoujsojjoap 
/oupapozaid puooas aqj 01 pai|ddE aq 01 wjojbaem 
a6ej|OA f 6unejisn||! wjojbabm b smous g6 Old 

:juaiU9|9 9A!J0U)S0JP9|9 

pupapozaid jsjij aqi 03 pauddE aq 03 wjojbaem 
aSeipA e 6ui)Ej]snii! wjojbabm b smous V6 Old 

UU9LU!P0qiU9 

paiJipOLU PUOODS aqj 03 6U|PJ000B 30|A3p 8AIPUJS0J1 

-09|9pup9iaoz9!d aq3 ui uoijob juawaoEidsp aqj 

3>fEW JOU OP SlUOLUaiG 9A!P!JJS0JP9|9pupa|90Z9 

-id oqi jo qjoq qoiq^ u\ uonuniis e GOiCJisn||i 8 -Qid 
:uo!3U8aui luasajd aqi 
jo }uaw!poqtua aq3 oj Buipjoooe aomap aA!30M]SOJ3 
-oaiapupaiaozajd aqi jo luaujipoqiuo payipow puo 
-oas e BuijBJ3snj|! mgia aAjpadsjad b SMoqs i old 

. :uoi}u3au! 3uasajd 
aq3 jo juawipoqwa 3q3 03 6utpjoooB aoiAsp aAjpuj 
-sojj09tap!Jpa|90Z9!d aq] jo luauiipoqiua pau.ipouj 
3Sjy b 6u!iB.qsn||i MaiA aAjjoadsjsd b SMoqs 9 Old 
:3uaiua|8 9A!Pujsojpa|3pupaiaoz9!d aq3 
jo juawipoqwa pawpoiu qynoj e 'uoissiujo iB^ed 
qijA^ '6u!iBJisnn! aabia aAipadsjad e SMoqs g Old 
:3uawaia aAipuisojjoaiapujoaiaozajd 
aqj jo .juawipoqwa payipoiu pj)M3 b 'uoissiwo |Bi3Jed 



qjjm uLi|jt;jibii|t! mo|a oAjiooatjjoa t j SMoqb" v bid 

:iu9iuaia oaiiouj 

-saijo9iap!J300iaoza!d oq} p juawipoqujo pgijipow 

gg pUOOaS E 6u!)HJpn||! M9|A p9!j!UBBUJ B SMOqS £ 'Old 

:3U9UUe|3 9AI30U3 

-SQjpoiopupopozoid oqj piuawipoquja pauspow 
pjij e 5ut}BJisn||i Ma|A payrubeuj b smoms z 'Old 

:uoti 

0 g -u3AUj luassjd aq^ jo luswipoqws ub 03 BuipjoooB 
soiAsp 3A!]ou3SOJ3oaiapupaiaoz3!d b jo 3uawa6uBJ 
-jb ub 6u!3Bjpn||i m3ia sAjpadsjad b SMoqs 1 'Old 



SP 



SONIMVaa 3H1 dO N0lldlU0S3a d3IH8 



'9|dlUBX3 3A!3BJ3Sn|[! jo Abm 

Aq uMoqs si uoiiuaAui auasajd aqi jo juaujpoquja pajjai 

op -ajd b qoiqM ui sSuimbjp 6uiAuBdwoooB aqi qi|M uojiounf 
-uoo ui ua>iE3 ueqM uoiidijosap Suimohoj aqi luojj iu9JBd 
-dB 9J0LU eujooaq ijim uoiiuaAui juesojd 9M3 jo soSbjuba 
-pe pub 'S9jniB9j 'S]09fqojaq40 puB 9A0qB 9qj. [2V00] 

•siusuudinbg |B0iuBq09w 

sc uoispajd pub S3uoujru3SU! peoiido jo esoqi sb qons sjjBd 
uoispajdsnouBAjoj 3|6ub 3q3Bu!3sn|pBJOjpuE6u!UO!3!S 
-od aqi pub 3U3uuaoB|dsip 3qi SuiisnlpB joj uusiuBqoow 
3qi joj pasn aq 03 sjoisnioB snouBA joj pazijiin AjqB 
-jajajd aq ubo uoiiubau! luasajd aqi 01 6tltpjoooB owbs 

oc aqi fiupnpojd joj poqiaw aqj puB aoiAap OAtiouisojpaia 
puioopozaid aqi 'A||BioadS3 'Sjosuos ssbw pue 'sjos 
-uas >|Ooqs 'sjosuos AipoiaA jBjn6uB 'sjosuas uojiejsiao 
ob 'sjosuss oiuosejiin '3|dwBxa joj 'uuipnput sjosuas 
snouHA joj iuawa(3 josuas aqi sb \\bm sb 'uoiiBjauaB 

gz jaMOd aqi pub uoijBOiunuuujoo 3qj joj sjoibuiujuosip puB 
'sjoiBHpso 'sjoiBuosaj 'sjojejqiA 'sjowjojsubji '(sjai 
-l!j) SiJBd iBuoiiounj uoiBbj Aouanbajj 'sjojBnioB snoi JBA 
'sjaonpsuBJi snouBA 'aidwBxa joj 'Buipnpui soiasp baii 
-ob aqi jo asn aqi a^Btu ubo uoijuaAU! luasajd aqi 01 Bui 

oz -pjoooB aujBS aqi Supnpojd joj poqiaw aqi pub aomap 
SAipuisojiooiapupaiaozaid aqi 'ajojojoqi [Lt700l 

sjaqwew jo Aihbj 

-n|d am jo jaqwauj suo issaj le se pasn aq Abuj uisoj 
oiueSjo 'asBO siqi ui saoBjjns pua 6upoddo Aiienjnuj 

gi aqi uaaM3aq quoajoiu! oi uoipas uoiibxij am jo uoijoos 
oiqnAOw oqj jo joqwow OAijnjipuoo u wojj luojojjip sjoq 
-iuaw jo Aji|Bjn|d b 6uimo||B jo dajs b sasudtuoo jsqunj 
poqjauj uoijonpojd aqi iBqj 3|qBjaj3jd os|B si 11 [QfrOO] 

'uoiuod Buipauuoo sqi 

01 jjo Bujiino Aq pawjoj si 'uoipas aiqBAOiu aqi jo qibuaj 
aqi ueqi ssat pu si saoBjjns pua aqi uaaMiaq souei 
-sip aqi qoiqM u; pub saoBjjns pua 6ujSOddo AifBnjnw 
aqj SBq qoiqM 'uojioas uojiBxjj aqi jo uoijoas atqBAOw 
aqi puB 'juaujap aAijouisojioaiapupsiaozaid aqj qijM 

s paujjoj aiBuiwBi oiwBjao 3qi joj iuswibbji jjojno 341 jo 
suBaiu Aq paujjoj si J3qjoue auo 01 papauuoo Aneiued 
saoBjjns pua Buisoddo Anenww aq] lseai IB 6u|Aeq uon 
-oas uoiibxij aqj 03U1 pawjoj aq 03 uoiuod aqj jo uoipas 
apBAOtu aqj oiui paiuioj aq 01 uo.niod aqi 'dais jjoino 



Oi 



2V 29C 680 I d3 



6 



-6J IE pawjoj ajy qoiqM qei tyi siuaiuap aAipuisoji 

-08|8pUJ09|80Z0!d SQSUdlUOO OL G0|Aap OAlpUlSOJpap 

pupataozaid am -qzi 'bsi suonoas aiBid uiqi am 6ui 
-uoddnsjoj w uoipas uoubxijbpub 'q^L 'bzl suonoas 
aieid win Bujsoddo Ajjeninuj jo j|Bd e 'jauuBiu paiEj6 
-g^ui ub ui 'sasudwoo qoiqM 91 opjpqns e qi|M popiA 
-ojd si luaiuipoqwa sim 01 Buipjooos oi ao|Aap a^pui 
-soJioatapupataozaid aqi ' i 'Old w UMoqs sv [SPOO] 
'siuaujap josuas >poqs pub sjuaiuaia josuas 
uoipjapooe sb qons pawap aAjsssd aqi sb pasn Ajq 
-Ejajajd os|B si aoiAap aAipuisojpaiapupaiaozaid am 

'A||BUO!]!PPV 8A!PUiS0Jp8|9 aqi pUBpajja 0UJ03| 

-aozaid 9SJ9AU! am Aq inoqs pfinojq paiuaoBidsip am 
jo asn am uo passq paiuap paiuaoBidsip aqi sb A||Ep 
-adsa 'sjoiEjqiA pue sjoienpB snouBA sb qons pawa 
-ia aAipB am sb pasn AjqBJSjajd isow si aomap aAipui 
-sojpaiapupapozaid aqi 'ajojajauj. 'luawaja 3A|pu} 
-sojpappupapozaid am jo pm am Aq ASjaua peoiuBqo 
-auj aqi pub ASjaua oupap am 6uiyaAU00 AnEmnw joj 
luaiuap am sapnpui qoiqM idaouoo b ui sapisaj aoiAap 
aAipuisojpaia/oupaiaozajd am isqi pepu si n fefrOO] 
■uoiiuaAui pasajd am 01 6uipjooob aunes am joj pomaiu 
uoipnpojd em pub aomap aAipuisojioappupapoz 
-aid am jo spaujipoqiua aAiiEJisnin joj op o\ i sold 01 
oouajapj miM MOpq apBiu aq him uoijBUB|dxg [trfrOO] 

SlN3tMia09W3 
a3HH3d3dd 3H1 dO NOI±dlHOS3C3 

•anbiugoai |Buoi}uaAuoo 
aAiiBJisnn! ub 6uiujaouoo aojAap aAipuisojpaia 
pupapozafd b jo luaujaOuBJjE ub SMoqs ip 'Old 
pus laiBUjLUBi puqAq e apmojd oj aiEU|WB| oiwbj 
-ao am 0) papuoq ajE ApAipadsaj suotpas aiE|d 
uim sb aAjas oj saiE|d piauj am qoiqM u\ poqiaw 
uoipnpojd gixis am u| aiBis e saiEJisnm ot? 'Old 

:|EU3]BUJ J3||!J 

b miM paiiu si apq b uaqi pub 'aiEupjEi oiiuBjao b 

OlUf pajOJUIS SI 3]BUIUJB| U9SJ6 OIOJBJGO B iPjUM Ut PO 

-U)Olu uoipnpojd mxjs b ui aieis b saiBJisnm 6C Old 
iiuoujipoqiua pauipoiu 
muBja ub 0] 6u!Pjooob ao|Aop GAipuiscupap/otj) 
-oaiaozaid b aptAOJd oj sauij 6umno pauiouaiapajd 
6uoib jno si ajBuiLUBi puqAy am UOium ui pomaiu 
uoipnpojd qjjy om u| ojbp b sojBmsnin 8C 'Old 
:ajBuiiuBi puqAq e apiAOjd oi aiBuiiuBt oiojbjso 
aq) oi papuoq si ajB|d leiauj aqi uptuw uj poqiaiu 
uoipnpojd mj!J am uj aiBis b saiBJisnnj i£ *oij 
:A|8Aipadsaj suotpas aiB|d ujm sb aAjas 
oi saiBjd (Biauj jo s90Bjjns oi papuoq gjb 'sjaq 
-Luaiu aiejBdas sb papnuisuoo ajB qojqM 'spaiu 
-ap aAipuisojpaia/oupataoz9!d hoium ui pomaiu 
uoipnpojd mju am u| aiBis e saiejjsnin QC Old 
:aiBU!UJB| otiuBjao b oiut pojai 
-uts si aiBuauBi uaajS oiiuejao am UOimm ui pomaiu 
uoipnpojd mijij am ui aieis e saiejisnuj sc Old 

.'paiujoj 

st ajHujiuBi uaaj6 ojujejao b qoiifM uj pogpLU 



uoipnpoja g]j!j aqi u; ojbjs b saiBJisnin pt Old 
:pomaiu uoipnpojd qijtj b joj pejmbej siaaqs ueaj6 
otujBjeo 6u!ibu!ujbi joj ssaoojd b saiEJisnm ££ 'Old 

5 g :uo!iu8aui pasajd am 40 paiuipoqiua aqi 01 Suipjoo 
-de ao|Aap aAipupojpaia/Dupaiaozatd aqi ap(A 
-ojd 01 souji Bujiino paujiujajapajd Buo|B 3 no s\ aiBuj 
-LUB| otiuBjao aqi qojqM u\ pomaiu uoipnpojd qunoj 
aqi uj ssaoojd aiBipaiujapi ub saiBJjsnm zz 'Old 

oe :a}BuiiuB| OIUJBJ90 aqi 

uo paiujoj si luaiuap aAjpuisojpajapupaiaozajd 

B uaqi PUB '91BUILUBI 0IUJBJ90 pajaiUjS B OJUI P9U3A 

-uoo si aiBUjiuBi U99J6 OjUJBjao aqi qoiqM u| poqpiu 
uoipnpojd qunoj aqi u| aiBqs b saiBJisnm it 'Old 
sp :paiujoj 
si aiBuiLUBi uaaj6 OjiuBjao b qoiqM ui poqpiu 
uoipnpojd qunoj aqi ui aiBis b saiEJisnm OC "Old 

:po 

-qiaiu uoipnpojd qunoj b joj pajinbaj siaaqs uaaj6 
op oiLUEjao 6uiibu!Ujei joj ssaoojd b sajejisnm ez 'Old 
.'uoiiuaAui pasajd aqi jo luaiuipoquja aqi oi 6utpjoo 
-oe aomap eAipiJisojpoia/oupaiaozoid aqi apiA 
-ojd oi sauii Suiiino pauiiaiaiepajd 6uoie mo si aiBu 
-|ujei oiiubjso aqi qo^M ui poqpiu uoipnpojd pjiqi 
gz aqi ui ssaoojd aiEipaiujaiut ub saiBJisnm 82 'Old 

:oiBU!iuB| oiiuBjao aqi 
uo paiujoj si iuaiuD|3 aAipuisojpaiapupaiaozoid 
b uaqi puB 'ajBujiuei oiiuBjao pajaiws b ojui pauaA 
-uoo si ajButiuBi uaaj6 oiiuBjao am qoiqM u; poqpuj 
oc uoipnpojd pjiqi aqi ui aiBis b saiBJisnni LZ Old 

:poiujoj 

si aiBuiiuB) uaajB otiuBjao b qoiqM u| poqjauj 
uoipnpojd pjiqi aqi u\ aiBis b saiBJisnm 9Z Old 

:po 

g Z -qpiu uoipnpojd pjiqi e joj pajinbaj spaqs uaajG 
oiiuBjao GuiiEUjuJBi joj ssaoojd b saiEJisnm gz Old 
:uo|iuaAU! pasajd aqi jo luaimpoq 
-lug aqi 01 6u!pjoooB aoiAap aAtpuisojpaiapiJpai 
-aozaid aqi apmojd 01 sauti 6umno paujiujaiapajd 

oz 6uo|B ino si 01EUIUJE1 oiiuejao aqi qotq/w ui poqioiu 
uoipnpojd puooas aqi ui ojeis e soiEJisnm pz Old 

:01BUIIUB| OIIUBJGO Gqi 

uo paiujoj si juaiuap aAipuisojioappuioapozaid 
b uaqi pub 'aiBuiiuBi oiiubjoo pajapis e oiuj psjjoa 
gt -uoo si aieujiuBi uaaj6 oiiuBjao aqi qoiqM ui poqjaiu 
uoipnpojd puooos oqi ui oibis b soiBJisniu ZZ 'Old 

:paiujoj 

si aiBujiuBj uaoj6 oiiubjoo b qoiqM ui poqpiu 
uoipnpojd puooas oqi ui apis e saiEJisnm zz 'Old 

0/ :poqiatu 
uoipnpojd puooas e joj pajinbaj spaqs ugojS 
oiiuBjao 6unBuiiuB| joj ssaoojd b saiBJisnm \z "Old 
:jjo ino si uoipas aiqBAOiu b jo 
uojuod (BJiuao b qoiqM ui apis b saiBJisnm gos 'Old 

c JaABj 9A|puisojpa|apupa|aozaid aqi pue 

uoipas 9iB|d ujqi aqi ui paiBjauaB s; ssajp (Bnpis 
-aj pujaiui aqi qoiqM u; aiBis b saiBJisnm vOZ Old 
:uoiiu8au! pasajd aqi jo paujipoqiua aqi oi SuipjoD 
-oe aomap aAipupojpaiapupapozaid am gpia 

680 I 63 il 



13 



EP 1 089 352 A2 



14 



spective paits of the pair of thin plate sections 1 2a, 1 2b 
respectively. 

[0047] In other words, the piezoelectric/elecirostric- 
tive device 10 is constructed such that the pair of thin 
plate sections 12a, 12b are displaced in accordance 
with the driving of the piezoelectric/electrostrictive ele- 
ment or elements 1 8a and/or 1 8b, or the displacement 
of the thin plate sections 12a. 12b is detected by the 
piezoelectric/electrostrictive element or elements 18a 
and/or 1 8b. Therefore, in the embodiment shown in FIG. 
1 , actuator sections 1 9a, 1 9b are constructed by the thin 
plate sections 12a, 1 2b and the piezoelectric/electros- 
trictive elements 1 8a, 1 8b. 

[0048] Further, respective forward end portions of the 
pair of thin plate sections 12a, 12b are thick-walled to- 
"ward the inside. The thick-walled portions function as 
movable sections 20a, 20b which are displaced in ac- 
cordance with the displacement action of the thin plate 
sections 12a, 1 2b. The forward end portions of the pair 
of thin plate sections 12a, 12b will be hereinafter re- 
ferred to as "movable sections 20a, 20b". 
[0049] Those usable as the substrate 16 include a 
structure comprising ceramics or metal as a whole, and 
a hybrid structure obtained by combining products pro- 
duced with materials of ceramics and metal. 
[0050] Those adoptable for the substrate 16 include, 
for example, a structure in which respective parts are 
bonded to one another with an adhesive such as organic 
resin or glass or the like, a ceramic integrated structure 
which is obtained by sintering and integrating a ceramic 
green laminate into one unit, and a metal integrated | 
structure integrated, for example, by brazing, soldering, 
eutectic bonding, or welding into one unit. Preferably, it 
is desirable to construct the substrate 16 with a ceramic 
laminate integrated into one unit by sintering a ceramic 
green laminate. 

[0051] The time-dependent change of state scarcely 
occurs in the integrated product of ceramic, because no 
adhesive exists at joined portions between the respec- 
tive parts. Therefore, the reliability of the joined portion 
is high, giving a structure which is advantageous to en- 
sure the rigidity. Additionally, the integrated product of 
ceramic can be produced with ease by means of the 
method for laminating ceramic green sheets as de- 
scribed later on. 

[0052] The piezoelectric/electrostrictive elements 
18a, 18b are prepared as separate members as de- 
scribed later on, and the prepared piezoelectric/elec- 
trostrictive elements 1 8a, 1 8b are stuck to the substrate 
16 with an adhesive such as organic resin or glass or 
by means of, for example, brazing, soldering, or eutectic 
bonding. Alternatively, the piezoelectric/electrostrictive 
elements 18a, 18b are directly formed on the substrate 
1 6 by using the film formation method not by using the 
sticking method described above. 
[0053] The piezoelectric/electrostrictive element 1 8a, 
18b comprises a piezoelectric/GlGCtrosiricnvo layer 22. 
and a oair of electrodes 24, 26 which aro formed nn both 



sides of the piezoelectric/electrostrictive layer 22. The 
first electrode 24 of the pair of electrodes 24, 26 is 
formed at least on the pair of thin plate sections 12a. 
12b. 

5 [0054] In the embodiment of the present invention, ex- 
planation will be made principally for a case in which 
each of the piezoelectric/electrostrictive layer 22 and the 
pair of electrodes 24, 26 has a multilayered structure, 
the first electrode 24 and the second electrode 26 are 

10 alternately stacked with each other to give a substan- 
tially comb-shaped cross section, and thus the piezoe- 
lectric/electrostrictive element 18a, 18b is provided, 
which has a multiple stage structure at a portion at which 
the first electrodes 24 and the second electrodes 26 are 

15 overlapped with each other with the piezoelectric/elec- 
trostrictive layer 22 interposed therebetween. However, 
there is no limitation to the multilayered structure. A sin- 
gle-layered structure may be available. In this embodi- 
ment, the number of the multiple layers is not specifically 

20 limited. However, it is preferable to use not more than 
ten layers, and more preferably not more than five lay- 
ers. 

[0055] FIG. 1 is illustrative of a case in which the pie- 
zoelectric/electrostrictive layer 22 has a three-layered 

25 slructure, the first electrode 24 is formed to have a 
comb-shaped configuration to be located at the lower 
surface of the first layer (side surface of the thin plate 
section 1 2a, 1 2b) and at the upper surface of the second 
layer, and the second electrode 26 is formed to have a 

30 comb-shaped configuration to be located at the upper 
surface of the first layer and at the upper surface of the 
third layer In the case of this arrangement, the number 
of terminals 28, 30 can be decreased by mutually con- 
necting the first electrodes 24 and the second elec- 
ts trodes 26 respectively to be common. Therefore, the in- 
crease in size, which would be otherwise caused by the 
multilayered structure of the piezoelectric/electrostric- 
tive element 18a, 18b, can be suppressed. 
[0056] The voltage is applied to the pair of electrodes 

40 24, 26 via terminals (pads) 28, 30 of the respective elec- 
trodes 24, 26 formed on the both side surfaces (element 
formation surfaces) of the fixation section 1 4 respective- 
ly. The respective terminals 28, 30 are positioned as fol- 
lows. That is, the terminal 28 corresponding to the first 

45 electrode 24 is formed at the position deviated toward 
the rearward end of the fixation section 14. The terminal 
30 corresponding to the second electrode 26 disposed 
on the side of the external space is formed at the position 
deviated toward the inner wall of the fixation section 14. 

50 [0057] In this embodiment, the piezoelectric/electros- 
trictive device 1 0 can be individually fixed by utilizing the 
surfaces respectively different from the surfaces on 
which the terminals 28, 30 are arranged. As a result, it 
is possible to obtain the high reliability for both of the 

55 fixation of the piezoelectric/electrostrictive device 10 
and the electric connection between the circuit and the 
terminals 2a, :J0. In this arrangement, tho oloctric con- 
nection botwoon tho terminals ?R. 30 and the circuit is 
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made, for example, by moans of the Flexible printed cir- 
cuit (also referred to as FPC), the flexible flat cable (also 
referred to as FFC), and the wire bonding. 
[0058] When the piezoelectric/electrostrictive ele- 
ment 1 8a, 1 8b having the multilayered structure is used 
as described above, then the driving force of the actua- 
tor section 19a. 19b is increased, and thus it is possible 
to contemplate the large displacement. Further, the ri- 
gidity of the piezoelectric/electrostrictive device 10 itself 
ts increased, and thus it is possible to realize the high 
resonance frequency, making it easy to achieve the re- 
alization of a high speed of the displacement action. 
[0059] When the number of stages is increased, it is 
possible to increase thedriving force of the actuator sec- 
tions 19a, 19b. However, the electric power consump- 
tion is also increased in accordance therewith. There- 
fore, when the device is practically produced and used, 
for example, it is preferable that the number of stages 
is appropriately determined depending on the way of 
use and the state of use. In the case of the piezoelectric/ 
electrostrictive device 10 according to this embodiment, 
even when the driving force of the actuator section 1 9a, 
19b is increased by using the piezoelectric/electrostric- 
tive element 1 8a, 1 8b, the width of the thin plate section 
12a, 12b (distance in the Y axis direction) is basically 
unchanged. Therefore, the device is extremely pre- 
ferred to make application, for example, to the actuator 
for the purpose of the ringing control and the positioning 
of the magnetic head for the hard disk to be used in an 
extremely narrow gap. 

[0060] Another example of the piezoelectric/electros- 
trictive element 1 8a, 1 8b is preferably shown , for exam- 
ple, in FIG. 2. That is, the piezoelectric/electrostrictive 
layer 22 has a five-layered structure. The first electrode 
24 is formed to have a comb-shaped configuration to be 
located at the upper surface of the first layer, the upper 
surface of the third layer, and the upper surface of the 
fifth layer. The second electrode 26 is formed to have a 
comb-shaped configuration to be located at the upper 
surface of the second layer and the upper surface of the 
fourth layer, 

[0061] Still another example is also available as 
shown in FIG. 3. That is, the piezoelectric/electrostric- 
tive layer 22 is allowed to have a five-layered structure 
as well. The first electrode 24 is formed to have a comb- 
shaped configuration to be located at the upper surface 
of the first layer, the upper surface of the third layer, and 
the upper surface of the fifth layer. The second electrode 
26 is formed to have a comb-shaped configuration to be 
located at the lower surface of the first layer, the upper 
surface of the second layer, and the upper surface of 
the fourth layer, 

[0062] The voltage is applied to the pair of electrodes 
24, 26 via ends (hereinafter referred to as "terminal sec- 
tions 24a, 26a) of the respective electrodes 24, 26 
formed on the fifth layer of the piezoelectric/electrostric- 
tive layer 22. The respective terminal sections 24a, 26a 

-ir„ (nrrrynri cnnnrarnrl from narh nthnr in -i trh 'i Hn. 



gree that they can be electrically insulated from each 
other 

[0063] The piezoelectric/electrostrictive element 1 8a. 
1 8b described above is illustrative of the case of the con- 
5 struction of the so-called sandwich structure in which the 
piezoelectric/electrostrictive layer 22 is allowed to inter- 
vene between the pair of electrodes 24, 26. Alternative- 
ly, as shown in FIG. 4, a pair of comb-shaped electrodes 
24, 26 may be formed on the first principal surface of 
10 the piezoelectric/electrostrictive layer 22 formed on at 
least the side surface of the thin plate section 12a, 12b. 
Further alternatively, as shown in FIG. 5, a pair of comb- 
shaped electrodes 24, 26 are formed and embedded in 
the piezoelectric/electrostrictive layer 22 formed on at 
15 least the side surface of the thin plate section 12a, 12b. 
[0064] The structure shown in FIG. 4 is advantageous 
in that it is possible to suppress the electric power con- 
sumption to be low. The structure shown in FIG. 5 makes 
it possible to effectively utilize the inverse piezoelectric 

20 effect in the direction of the electric field having large 
generated force and strain, which is advantageous to 
cause the large displacement. 
[0065] Specifically, the piezoelectric/electrostrictive 
element 1 8a. 1 8b shown in FIG. 4 comprises the pair of 

25 electrodes 24, 26 having the comb-shaped structure 
formed on the first principal surface of the piezoelectric/ 
electrostrictive layer 22. In this structure, the first elec- 
trode 24 and the second electrode 26 are mutually op- 
posed to one another in an alternate manner with a gap 

so 32 having a constant width interposed therebetween. 
FIG. 4 is illustrative of the case in which the pair of elec- 
trodes 24, 26 are formed on the first principal surface of 
the piezoelectric/electrostrictive layer 22. Alternatively, 
the pair of electrodes 24, 26 may be formed between 

35 the thin plate section 12a, 12b and the piezoelectric/ 
electrostrictive layer 22. Further alternatively, the pair of 
comb-shaped electrodes 24, 26 may be formed on the 
first principal surface of the piezoelectric/electrostrictive 
layer 22 and between the thin plate section 12a, 12b 

40 and the piezoelectric/electrostrictive layer 22 respec- 
tively. 

[0066] On the other hand, in the piezoelectric/elec- 
trostrictive element 18a, 18b shown in FIG. 5, the pair 
of electrodes 24, 26 having the comb-shaped structure 

45 are formed so that they are embedded in the piezoelec- 
tric/electrostrictive layer 22. In this structure, the first 
electrode 24 and the second electrode 26^are mutually 
opposed to one another in an alternate manner with a 
gap 32 having a constant width interposed therebe- 

50 tween. 

[0067] The piezoelectric/electrostrictive elements 
18a, 1 8b as shown in FIGS. 4 and 5 can be preferably 
used for the piezoelectric/electrostrictive device 10 ac- 
cording to the embodiment of the present invention as 
55 well. When the pair of comb-shaped electrodes 24, 26 
are used as in the piezoelectric/electrostrictive elements 
18a, 18b shown in FIGS. 4 and 5, the displacement of 
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be increased by decreasing the pitch D of the comb 
teeth of the respective electrodes 24, 26. 
[0068] The distance Lc between the mutually oppos- 
ing end surfaces 34a, 34b of the movable sections 20a, 
20b is not less than the length of the movable section 
20a, 20b (correctly the length of the movable section 
20a, 20b in the Z axis direction) Df. For example, as 
shown in FIG. 1, a gap (air) 36 may be allowed to inter- 
vene between the end surfaces 34a, 34b. Alternatively, 
as in piezoelectric/electrostrictive devices 10a, 1 0b ac- 
cording to first and second modified embodiments 
shown in FIGS. 6 and 7, a plurality of members, which 
are composed of the same material as that of the con- 
stitutive member of the movable section 20a, 20b or 
which are composed of a material different therefrom, 
may bo allowed to intervene between the end surfaces 
34a, 34b. In this arrangement, the mutually opposing 
end surfaces 34a, 34b of the respective movable sec- 
tions 20a, 20b function as attachment surfaces 34a ( 
34b. 

[0069] The piezoelecthc/electrostrictive device 10a 
according to the first modified embodiment shown in 
FIG. 6 is illustrative of the following case. That is, the 
distance Lc between the attachment surfaces 34a, 34b 
is set to be about 1 .5-fold the length Df of the movable 
section 20a, 20b. Further, three spacer members 37A, 
37B, 37C, each of which has a substantially identical 
thickness, are allowed to intervene between the attach- 
ment surfaces 34a, 34b. 

[0070] The piezoelectric/electrostrictive device 10b 
according to the second modified embodiment shown in 
FIG. 7 is illustrative of the following case. That is, the 
distance Lc between the attachment surfaces 34a, 34b 
is set to be about 1 .5-fold the length Df of the movable 
section 20a, 20b. Further, one large spacer member 37 
is bonded between the attachment surfaces 34a, 34b 
by the aid of an adhesive 38. 

[0071] Further, for example, in the piezoelectric/elec- 
trostrictive device 10b according to the second modified 
embodiment, as shown in FIG. 8,.for example, it is pref- 
erable that distances La, Lb from the central axis n of 
the spacer member 37 to the respective end surfaces 
34a, 34b are approximately identical to one another. 
[0072] In the piezoelectric/electrostrictive devices 
1 0a, 1 0b according to the first and second modified em- 
bodiments, each of the three spacer members 37A to 
37C (see FIG. 6) and the spacer member 37 (see FIG. 
7) has a substantially rectangular paralleiepiped- 
shaped configuration. Each of the side surfaces (surfac- 
es opposed to the movable sections 20a, 20b of the thin 
plate sections 12a, 12b) is set to have the areal size 
which is substantially the same as the areal size of each 
of the attachment surfaces 34a, 34b of the movable sec- 
tions 20a, 20b of the thin piate sections 12a, 12b. 
[0073] The operation of the piezoelectric/electrostric- 
tive device 1 0b according to the second modified em- 
bodiment will now be explained by way of example. At 
first, for example, when the two Diozoeloctric/niocrro^- 
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trictive elements 1 8a, 1 8b are in the natural state, name- 
ly when both of the piezoelectric/electrostrictive ele- 
ments 18a, 18b do not make the displacement action, 
then the major axis m of the piezoelectric/electrostrictive 
5 device 1 0b (major axis of the fixation section 1 4) is sub- 
stantially coincident with the central axis n of the spacer 
member 37 as shown in FIG. 8. 
[0074] Starting from this state, for example, a sine 
wave Wa. which has a predetermined bias electric po- 
10 tential Vb, is applied to the pair of electrodes 24, 26 of 
the first piezoelectric/electrostrictive element 18a as 
shown in a waveform figure shown in FIG. 9A, while a 
sine wave Wb, which has a phase different from that of 
the sine wave Wa by about 180°, is applied to the pair 
is of electrodes 24, 26 of the second piezoelecthc/elec- 
trostrictive element 1 8b as shown in FIG. 9B. 
[0075] The piezoelectric/electrostrictive layer 22 of 
the first piezoelectric/electrostrictive element 18a 
makes the contraction displacement in the direction of 
20 the first principal surface at a stage at which, for exam- 
ple, a voltage having a maximum value is applied to the 
pair of electrodes 24, 26 of the first piezoelectric/elec- 
trostrictive element 18a. Accordingly, as shown in FIG. 
10, for example, the stress is generated for the first thin 
25 plate section 12a to bend the thin plate section 12a, for 
example, in the rightward direction as shown by the ar- 
row A. Therefore, the first thin plate section 12a is bent 
in the rightward direction. At this time, a state is given, 
in which no voltage is applied to the pair of electrodes 
30 24, 26 of the second piezoelectric/electrostrictive ele- 
ment 18b. Therefore, the second|thin plate section 12b 
follows the bending of the first thin plate section 12a, 
and it is bent in the rightward direction. As a result, the 
movable sections 20a, 20b and the spacer member 37 
35 are displaced, for example, in the rightward direction 
with respect to the major-axis m of the piezoelecthc/elec- 
trostrictive device 10b. The displacement amount is 
changed depending on the maximum value of the volt- 
age applied to each of the piezoelectric/electrostrictive 
40 elements 18a, 18b. For example, the larger the maxi- 
mum value is, the larger the displacement amount is. 
[0076] Especially, when a material having a high co- 
ercive electric field is applied as the constitutive material 
for the piezoelectric/electrostrictive layer 22, it is also 
45 preferable that the bias electric potential is adjusted so 
that the level of the minimum value is a slightly negative 
level as depicted by waveforms indicated by dashed 
lines in FIGS. 9A and 9B. In this case, for example, the 
stress, which is in the same direction as the bending di- 
50 rection of the first thin plate section 1 2a, is generated in 
the second thin plate section 1 2b by driving the piezoe- 
lectric/electrostrictive element (for example, the second 
piezoelectric/electrostrictive element 18b) to which the 
negative level is applied. Accordingly, it is possible to 
55 further increase the displacement amount of the mova- 
ble sections 20a, 20b and the spacer member 37. in oth- 
er words, when the waveforms indicated by the dashed 
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to have such a function that the piezoelectric/electros- 
trictive element I8b or I8a, to which the negative level 
is applied, supports the piezoelectric/electrostrictive el- 
ement 18a or 18b which principally makes the displace- 
ment action. 5 
[0077] As described above, in the piezoelectric/elec- 
trostrictive device 10 according to the embodiment of 
the present invention, the minute displacement of the 
piezoelectric/electrostrictive element 18a, 18b is ampli- 
fied into the large displacement action by utilizing the 10 
bending of the thin plate section 12a, 12b, and it is trans- 
mitted to the movable sections 20a, 20b. Accordingly, it 
is possible to greatly displace the movable sections 20a, 
20b with respect to the major axis rn of the piezoelectric/ 
cIcctrostnctivG device 10b. '5 
[0078] Especially, in this embodiment, the movable 
sections 20a, 20b are provided with the mutually oppos- 
ing attachment surfaces 34a. 34b. In this arrangement, 
the space between the mutually opposing attachment 
surfaces 34a, 34b is the gap 36. Alternatively, the mem- 20 
ber, which is lighter than the constitutive member of the 
movable sections 20a, 20b, is allowed to intervene be- 
tween the mutually opposing attachment surfaces 34a, 
34b. Thus, it is possible to effectively realize the light 
weight of the movable sections 20a, 20b. It is possible 25 
to increase the resonance frequency without decreasing 
the displacement amount of the movable sections 20a, 
20b. 

[0079] The frequency herein indicates the frequency 
of the voltage waveform, obtained when the movable 
sections 20a, 20b are displaced rightwardly and left- 
wardly by alternately switching the voltage applied to the 
pair of electrodes 24, 26. The resonance frequency in- 
dicates the maximum frequency at which the displace- 
ment action of the movable sections 20a, 20b can follow 
in a predetermined vibration mode. 
[0080] In the piezoelectric/electrostrictive device 10 
according to this embodiment, the movable sections 
20a, 20b, the thin plate sections 12a, 12b, and the fixa- 
tion section 14 are integrated into one unit. It is unnec- «o 
essary that all of the parts are formed with the piezoe- 
lectric/electrostrictive material which is a fragile material 
having a relatively heavy weight. Therefore, the device 
has the following advantages. That is, the device has 
the high mechanical strength, and it is excellent in han- 
dling performance, shock resistance, and moisture re- 
sistance. Further, the operation of the device is scarcely 
affected by harmful vibration (for example, noise vibra- 
tion and remaining vibration during high speed opera- 
tion). 

[0081] In this embodiment, when the space between 
the mutually opposing attachment surfaces 34a, 34b is 
the gap 36, the movable section 20a including the first 
attachment surface 34a and the movable section 20b 
including the second attachment surface 34b are easily 55 
bent, and the device is highly resistant to the deforma- 
tion. Therefore, the piezoelectric/electrostrictive device 
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[0082] Owing to the presence of the mutually oppos- 
ing attachment surfaces 34a, 34b, the surface area of 
the movable sections 20a, 20b is increased. Therefore, 
when another part is attached to the movable section 
20a, 20b, it is possible to increase the attachment area. 
Thus, it is possible to improve the attachment perform- 
ance for the part. For example, if it is assumed that the 
part is secured with an adhesive or the like, the part is 
bonded by the aid of not only the principal surface of the 
movable section 20a ( 20b (front surface and/or back 
surface) but also the mutually opposing attachment sur- 
faces 34a, 34b. It is possible to secure the part in a re- 
liable manner. 

[0083] In this embodiment, the piezoelectric/electros- 
trictive element 18a, 18b is constructed to have the pi- 
ezoelectric/electrostrictive layer 22 and the pair of elec- 
trodes 24, 26 formed on the both sides of the piezoelec- 
tric/electrostrictive layer 22. The first electrode 24 of the 
pair of electrodes 24, 26 is directly formed on at least 
the side surface of the thin plate section 12a, 1 2b. 
Therefore, the vibration caused by the piezoelectric/ 
electrostrictive element 18a, 18b can be efficiently 
transmitted to the movable section 20a, 20b via the thin 
plate section 12a, 12b. Thus, it is possible to improve 
the response performance. 

[0084] In this embodiment, as shown in FIG. 1 , for ex- 
ample, the portion (substantial driving portion 40). at 
which the pair of electrodes 24, 26 are overlapped with 
each other with the piezoelectric/electrostrictive layer 22 
interposed therebetween, is continuously formed over 
the range from the part of the fixation section 14 to the 
part of the thin plate section 12a, 12b. If the substantial 
driving portion 40 is formed to further extend over a part 
of the movable section 20a, 20b, then it is feared that 
the displacement action of the movable section 20a, 20b 
is inconsistent with the deformation of the substantial 
driving portion 40 and the deformation of the thin plate 
section 12a, 12b, and it is impossible to obtain the large 
displacement. However, in this embodiment, the sub- 
stantial driving portion 40 is formed such that it does not 
range over both of the movable section 20a, 20b and 
the fixation section 14. Therefore, it is possible to avoid 
the inconvenience of the restriction of the displacement 
action of the movable section 20a, 20b, and it is possible 
to increase the displacement amount of the movable 
section 20a, 20b. 

[0085] On the other hand, when the piezoelectric/ 
electrostrictive element .18a, 18b is formed on the part 
of the movable section 20a, 20b, it is preferable that the 
substantial driving portion 40 is located over the range 
from the part of the movable section 20a, 20b to the part 
of the thin plate section 12a, 12b, because of the follow- 
ing reason. That is, if the substantial driving portion 40 
is formed to extend up to a part of the fixation section 
1 4, the displacement action of the movable section 20a , 
20b is restricted as described above. 
[0086] The embodiment described above is illustra- 
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34b are provided for the movable sections 20a, 20b. Al- 
ternatively, as in a piezoelectric/electrostrictive device 
1 0c according to a third modified embodiment shown in 
FIG. 11 . end surfaces 34a, 34b may be provided for the 
fixation section 14. In this case, for example, the mova- 
ble sections 20a, 20b, which are provided at the forward 
end portions of the pair of thin plate sections 12a, 12b. 
have an integrally connected configuration. The mutu- 
ally opposing end surfaces 34a, 34b are provided for the 
fixation section 14. 

[0087] Accordingly, in addition to the effect obtained 
when the mutually opposing attachment surfaces 34a, 
34b are provided for the movable sections 20a, 20b as 
described above, the piezoelectric/electrostrictive de- 
vice 1 0c according to the third modified embodiment can 
be tightly fixed to a predetermined fixation portion . Thus, 
it is possible to improve the reliability. The length of the 
substantial driving portion 40 is preferably 20 % to 95 % 
of the length of the thin plate section 1 2a. 1 2b, and more 
preferably 40 % to 80 % thereof. 
[0088] Next, explanation will be made for preferred il- 
lustrative constructions of the piezoelectric/electrostric- 
tive device 10 according to the embodiment of the 
present invention. 

[0089] At first, in order to ensure the displacement ac- 
tion of the movable section 20a, 20b. it is preferable that 
the distance Dg, by which the substantial driving portion 
40 of the piezoelectric/electrostrictive element 1 8a, 1 8b 
is overlapped with the fixation section 1 4 or the movable 
section 20a. 20b t is not less than 1/2 of the thickness 
Ddof the thin plate section 12a, 12b. 
[0090] The device is constructed such that the ratio 
Da/Db between the distance (distance in the X axis di- 
rection) Da between the inner walls of the thin plate sec- 
tions 12a, 12b and the width (distance in the Y axis di- 
rection) Db of the thin plate section 12a, 12b is 0.5 to 
20. The ratio Da/Db is preferably 1 to 1 5 and more pref- 
erably 1 to 10. The prescribed value of the ratio Da/Db 
is prescribed on the basis of the discovery that the dis- 
placement amount of the movable section 20a, 20b can 
be increased, and the displacement in the X-Z plane can 
be dominantly obtained. 

[0091] On the other hand, it is desirable that the ratio 
De/Da between the length (distance in the Z axis direc- 
tion) De of the thin plate section 12a, 12b and the dis- 
tance Da between the inner walls of the thin plate sec- 
tions 12a, 12b is preferably 0.5 to 10 and more prefer- 
ably 0.5 to 5. The prescribed value of the ratio De/Da is 
prescribed on the basis of the discovery that the dis- 
placement amount of the movable sections 20a, 20b 
with the spacer members (37A to 37C or 37) intervening 
therebetween can be increased, and the displacement 
action can be performed at a high resonance frequency 
(high response speed can be achieved). 
[0092] Therefore, in order to suppress the flapping 
displacement in the Y axis direction or the vibration of 
the piezoelectric/electrostrictive device 10 according to 
this embodiment and provide the structure in which the 



high speed response performance is excellent and the 
large displacement is simultaneously obtained at a rel- 
atively low voltage, ii is preferable thai the ratio Da/Db 
is 0.5 to 20 and the ratio De/Da is 0.5 to 10. and it is 
5 more preferable that the ratio Da/Db is 1 to to and the 
ratio De/Da is 0.5 to 5. 

[0093] Further, for example, in the case of the piezo- 
electric/electrostrictive device 1 0b according to the sec- 
ond embodiment, the hole 42 is formed by the both inner 

w walls of the pair of thin plate sections 12a, 12b, the inner 
walls of the movable sections 20a, 20b, and the inner 
wall of the spacer member 37 (and the inner wall of the 
adhesive 38), and the inner wall of the fixation section 
14. It is preferable that the hole 42 is filled with a gel 

15 material, for example, silicone gel. Usually, the displace- 
ment action of the movable section 20a, 20b is restricted 
by the presence of such a filler material. However, in the 
second modified embodiment, it is intended to realize 
the light weight brought about by the formation of the 

20 end surface 34a, 34b for the movable section 20a, 20b 
and increase the displacement amount of the movable 
section 20a, 20b. Therefore, the restriction of the dis- 
placement action of the movable section 20a, 20b due 
to the filler material is counteracted. Accordingly, it is 

25 possible to realize the effect owing to the presence of 
the filler material, namely the realization of the high res- 
onance frequency and the maintenance of the rigidity. 
[0094] It is preferable that the length (distance in the 
Z axis direction) Df of the movable section 20a, 20b is 

30 short, because of the following reason. That is, it is pos- 
sible to realize the light weight and increase the reso- 
nance frequency by shortening the length. Further, 
when an article is interposed, it is possible to improve 
the displacement. However, in order to ensure the rigid- 

35 ity of the movable section 20a. 20b in the X axis direction 
and obtain its reliable displacement, it is desirable that 
the ratio Df/Dd with respect to the thickness Dd of the 
thin plate section 12a, 12b is not less than 2 and pref- 
erably not less than 5. 

40 [0095] The actual size of each component is deter- 
mined considering, for example, the joining area for at- 
taching the part to the movable section 20a, 20b, the 
joining area for attaching the fixation section 14 to an- 
other member, the joining area for attaching the elec- 
ts trode terminal or the like, and the strength, the durability, 
the necessary displacement amount, the resonance fre- 
quency, and the driving voltage of the entire piezoelec- 
tric/electrostrictive device 10. 
[0096] Specifically, for example, the distance Da be- 

50 tween the inner walls of the thin plate sections 1 2a, 1 2b 
is preferably 100 )im to 2000 \im and more preferably 
200 urn to 1 600 am. The width Db of the thin plate sec- 
tion 12a, 12b is preferably 50 u.m to 2000 u,m and more 
preferably 100 urn to 500 \itn. The thickness Dd of the 

55 thin plate section 12a, 12b is preferably 2 urn to 100 u.m 
and more preferably 10 ^m to 80 urn, while it satisfies 
Db > Dd in relation to the width Db of the thin plate sec- 
tion 12a, 12b, in order to make it possible to effectively 
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suppress the flapping displacement which is the dis- 
placement component in the Y axis direction. 
[0097] The length De of the thin plate section 1 2a, 1 2b 
is preferably 200 um to 3000 jim and more preferably 
300 |im to 2000 urn. The length Df of the movable sec- 
tion 20a. 20b is preferably 50u.m to 2000 nm, more pref- 
erably too urn to 1000 fim, and especially preferably 
200 u.m to 600 \in\. 

[0098] The arrangement as described above exhibits 
such an extremely excellent effect that the displacement to 
in the Y axis direction does not exceeds 10 % with re- 
spect to the displacement in the X axis direction, while 
the device can be driven at a low voltage by appropri- 
ately making adjustment within the range of the size ra- 
tio and the actual size, and it is possible to suppress the 1 $ 
displacement component in the Y axis direction to be 
not more than 5 %. In other words, the movable section 
20a, 20b is displaced in one axis direction, i.e., substan- 
tially in the X axis direction. Further, the high speed re- 
sponse is excellent, and it is possible to obtain the large 20 
displacement at a relatively low voltage. 
[0099] In the piezoelectric/electrostrictive device 10, 
the shape of the device is not the plate-shaped config- 
uration (the thickness in the direction perpendicular to 
the displacement direction is small) unlike conventional 25 
one. Each of the movable section 20a, 20b and the fix- 
ation section 14 has the rectangular parallelepiped- 
shaped configuration (the thickness in the direction per- 
pendicular to the displacement direction is large). The 
pair of thin plate sections 12a, 12b are provided so that 30 
the side surface of the movable section 20a, 20b is con- 
tinuous to the side surface of the fixation section 14. 
Therefore, it is possible to selectively increase the rigid- 
ity of piezoelectric/electrostrictive device 1 0 in the Y axis 
direction. 35 
[0100] That is, in the piezoelectric/electrostrictive de- 
vice 10, it is possible to selectively generate only the 
operation of the movable section 20a, 20b in the plane 
(XZ plane). It is possible to suppress the operation of 
the movable section 20a, 20b in the YZ plane (operation to 
in the so-called flapping direction). 
[0101] Next, explanation will be made for the respec- 
tive constitutive components of the piezoefectric/elec- 
trostrictive device 10 according to this embodiment. 
[0102] As described above, the movable section 20a, 45 
20b is the portion which is operated on the basis of the 
driving amount of the thin piate section 1 2a, 1 2b, and a 
variety of members are attached thereto depending on 
the purpose of use of the piezoelectric/electrostrictive 
device 10. For example, when the piezoelectric/elec- so 
trostrictive device 1 0 is used as a displacement element, 
a shield plate for an optical shutter or the like is attached 
thereto. Especially, when the piezoelectric/electrostric- 
tive device 1 0 is used for the mechanism for positioning 
a magnetic head of a hard disk drive or for suppressing 55 
the ringing, a member required to be positioned is at- 
tached thereto, including, for example, the magnetic 



suspension provided with the slider. 
[0103] As described above, the fixation section 1 4 is 
the portion for supporting the thin plate sections 12a, 
12b and the movable section 20a, 20b. For example, 
* when the fixation section 14 is utilized to position the 
magnetic head of the hard disk drive, the entire piezoe- 
lectric/electrostrictive device 10 is fixed by supporting 
and securing the fixation section 14, for example, to a 
carriage arm attached to VCM (voice coil motor) or a 
fixation plate or a suspension attached to the carriage 
arm. As shown in FIG. 1, the terminals 28, 30 for driving 
the piezoelectric/electrostrictive elements 18a, 18b and 
other members are arranged on the fixation section 14 
in some cases. 

[0104] The material for constructing the movable sec- 
tion 20a, 20b and the fixation section 14 is not specifi- 
cally limited provided that it nas rigidity. However, it is 
possible to preferably use ceramics to which the ceram- 
ic green sheet-laminating method is applicable as de- 
scribed later on. Specifically, the material includes, for 
example, materials containing a major component of zir- 
conia represented by fully stabilized zirconia and par- 
tially stabilized zirconia, alumina, magnesia, silicon ni- 
tride, aluminum nitride, and titanium oxide, as well as 
materials containing a major component of a mixture of 
them. However, in view of the high mechanical strength 
and the high toughness, it is preferable to use a material 
containing a major component of zirconia, especially ful- 
ly stabilized zirconia and a material containing a major 
component of partially stabilized zirconia. The metal 
nlaterial is not limited provided that it has rigidity. How- 
ever, the metal material includes, for example, stainless 
steel and nickel. 

[0105] As described above, the thin plate section 12a, 
12b is the portion which is driven in accordance with the 
displacement of the piezoelectric/electrostrictive ele- 
ment 18a, 18b. The thin plate section 12a, 12b is the 
thin plate-shaped member having flexibility, and it func- 
tions to amplify the expansion and contracting displace- 
ment of the piezoelectric/electrostrictive element 18a,. 
18b arranged on the surface as the bending displace- 
ment and transmit the displacement to the movable sec- 
tion 20a, 20b. Therefore, it is enough that the shape or 
the material of the thin plate section 12a, 12b provides 
the flexibility with the mechanical strength of such a de- 
gree that it is not broken by the bending displacement. 
It is possible to make appropriate selection considering 
the response performance and the operability of the 
movable section 20a, 20b. 

[0106] It is preferable that the thickness Dd of the thin 
plate section 12a, 12b is preferably about 2 u,m to 100 
pm. It is preferable that the combined thickness of the 
thin plate section 12a, 12b and the piezoelectric/elec- 
trostrictive element 18a, 18b is 7 |am to 500 um It is 
preferable that the thickness of the electrode 24, 26 is 
0.1 jam to 50 jim, and the thickness of the piezoelectric/ 
electrostrictive layer 22 is 3 u.m to 300 u.m. 
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able section 20a, 20b and the fixation section 14, can 
be preferably used as the material for constructing the 
thin plate section 1 2a, 1 2b. A material containing a ma- 
jor component of 7irconia, especially fully stabilised 7ir- 
conia and a material containing a major component of 5 
partially stabilized zirconia are most preferably used, 
because the mechanical strength is large even in the 
case of a thin wall thickness, the toughness is high, and 
the reactivity with the piezoelectric/electrostrictive layer 
and the electrode material is small. 10 
[0108] When the thin piate section 12a, 12b is made 
of a metal material, it is enough that the metal material 
has flexibility and the metal material is capable of bend- 
ing displacement as described above. However, prefer- 
ably, it is desirable that the thin plate section 12a, 12b 15 
is made of an iron-based material such as various stain- 
less steel materials and various spring steel materials. 
Alternatively, it is desirable that the thin plate section 
12a, 12b is made of a non-ferrous material such as be- 
ryllium copper, phosphor bronze, nickel, and nickel-iron 20 
alloy. 

[01 09] Those which are fully stabilized or partially sta- 
bilized as follows are preferably used as fully stabilized 
zirconia or partially stabilized zirconia as described 
above. That is, the compound to be used for fully stabi- 25 
lizing or partially stabilizing zirconia includes yttrium ox- 
ide, ytterbium oxide, cerium oxide, calcium oxide, and 
magnesium oxide. When at least one compound of them 
is added and contained, the objective zirconia can be 
stabilized. Alternatively, the objective zirconia can be w 
•stabilized as well, not only by adding one type of the 
compound but also by adding a combination of the com- 
pounds. 

[0110] The amount of addition of each of the com- 
pounds is desirably as follows. That is, yttrium oxide or 35 
ytterbium oxide is added by 1 to 30 mole %, preferably 
1 .5 to 1 0 mole %. Cerium oxide is added by 6 to 50 mole 
%, preferably 8 to 20 mole %. Calcium oxide or magne- 
sium oxide is added by 5 to 40 mole %, preferably 5 to 
20 mole %. Especially, it is preferable to use yttrium ox- 
ide as a stabilizer. In this case, yttrium oxide is desirably 
added by 1 .5 to 10 mole %, more preferably 2 to 4 mole 
%. For example, alumina, silica, or transition metal oxide 
may be added as an additive of sintering aid or the like 
in a range of 0.05 to 20 % by weight. However, when « 
the sintering integration based on the film formation 
method is adopted as a technique for forming the pie- 
zoelectric/electrostrictive element 18a, 18b, it is also 
preferable to add, for example, alumina, magnesia, and 
transition metal oxide as an additive. 50 
[0111] In order to obtain the mechanical strength and 
the stable crystal phase, it is desirable that the average 
crystal grain size of zirconia is 0.05 to 3 u,m, preferably 
0.05 to t u.m. As described above, ceramics can be used 
for the thin plate section 12a, 12b in the same manner 55 
as in the movable section 20a, 20b and the fixation sec- 
tion 14. Preferably, it is advantageous to construct the 
rhinnlate sections 12a. 1 2b with a substantially irtanrirai 



material in view of the reliability of the joined portion and 
the strength of the piezoelectric/electrostrictive device 
1 0, in order to reduce any complicated procedure of the 
production. 

[0112] The piezoelectric/electrostrictive element 18a, 
18b has at least the piezoelectric/electrostrictive layer 
22 and the pair of electrodes 24, 25 for applying the elec- 
tric field to the piezoelectric/electrostrictive layer 22. It 
is possible to use. for example, piezoelectric/electros- 
trictive elements of the unimorph type and the bimorph 
type. However, those of the unimorph type combined 
with the thin plate section 12a, 12b are suitable for the 
piezoelectric/electrostrictive device 10 as described 
above, because they are excellent in stability of the gen- 
erated displacement amount and they are advanta- 
geous to realize the light weight. 
[01 13] As shown in FIG. 1 , the piezoelectric/electros- 
trictive element 18a, 1 8b is preferably formed on the 
side surface side of the thin plate section 12a, 12b in 
view of the fact that the thin plate section 12a, 12b can 
be driven to a greater extent. 
[0114] Piezoelectric ceramics is preferably used for 
the piezoelectric/electrostrictive layer 22. However, it is 
also possible to use electrostrictive ceramics, ferroelec- 
tric ceramics, or anti-ferroelectric ceramics. However, 
when the piezoelectric/electrostrictive device 10 is 
used, for example, to position the magnetic head of the 
hard disk drive, it is important to provide the linearity 
concerning the displacement amount of the movable 
section 20a, 20b and the driving voltage or the output 
voltage. Therefore, it is preferable to use a material hav- 
ing small strain hysteresis. It is preferable to use a ma- 
terial having a coercive electric field of not more than 1 0 
kV/mm. 

[0115] Specified materials include ceramics contain- 
ing, for example, lead zirconate, leadtitanate, lead mag- 
nesium niobate, lead nickel niobate, lead zinc niobate, 
lead manganese niobate, lead antimony stannate, lead 
manganese tungstate, lead cobalt niobate, barium titan- 
ate, sodium bismuth titanate, potassium sodium nio- 
bate, and strontium bismuth tantalate singly or in mix- 
ture. 

[0116] Especially, a material containing a major com- 
ponent of lead zirconate, lead titanate, and lead mag- 
nesium niobate, or a material containing a major com- 
ponent of sodium bismuth titanate is preferably used, in 
order to obtain the product having a stable composition 
with a high electromechanical coupling factor and a pi- 
ezoelectric constant and with small reactivity with the 
thin plate sections 12a, 12b (ceramics) during the sin- 
tering of the piezoelectric/electrostrictive layer 22. 
[0117] It is also preferable to use ceramics obtained 
by adding, to the material described above, for example, 
oxides of lanthanum, calcium, strontium, molybdenum, 
tungsten, barium, niobium, zinc, nickel, manganese, ce- 
rium, cadmium, chromium, cobalt, antimony, iron, yt- 
trium, tantalum, lithium, bismuth, and stannum singly or 

in miyfuro 
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[0118] For example, when lanthanum and/or stron- 
tium is contained in the major components of lead zir- 
conate. lead litanale, and lead magnesium niobate. an 
advantage is obtained in some cases, for example, in 
such a way that the coercive electric field and the pie- 
zoelectric characteristic can be adjusted. 
[01 1 9] it is desirable to avoid the addition of a material 
such as silica which tends to form glass, because of the 
following reason. That is, the material such as silica 
tends to react with the piezoelectric/electrostrictive ma- w 
terial during the heat treatment for the piezoelectric/ 
electrostrictive layer 22. As a result, the composition is 
varied, and the piezoelectric characteristic is deteriorat- 
ed. 

[0120] On the other hand, it is preferable that the pair is 
of electrodes 24, 26 of the piezoelectric/electrostrictive 
element 18a, 1 8b are made of metal which is solid at 
room temperature and which is excellent in electrical 
conductivity. For example, it is possible to use elemental 
substance or alloy of, for example, aluminum, titanium, 20 
chromium, iron, cobalt, nickel, copper, zinc, niobium, 
molybdenum, ruthenium, palladium, rhodium, silver, 
stannum, tantalum, tungsten, iridium, platinum, gold, 
and lead. It is also preferable to use a cermet material 
obtained by dispersing, in the metal described above, 25 
the same material as that of the piezoelectric/electros- 
trictive layer 22 or the thin plate section 12a, 12b. 
[0121] The material for the electrodes 24, 26 of the 
piezoelectric/electrostrictive element 1 8a, 1 0b is select- 
ed and determined depending on the method for forming . 30 
the piezoelectric/electrostrictive layer 22. For example, 
when the piezoelectric/electrostrictive layer 22 is formed 
by sintering on the first electrode 24 after the first elec- 
trode 24 is formed on the thin plate section 12a, 12b, it 
is necessary for the first electrode 24 to use high melting 35 
point metal such as platinum, palladium, platinum-pal- 
ladium alloy, and silver-palladium alloy which does not 
change at the sintering temperature for the piezoelec- 
tric/electrostrictive layer 22. However, the electrode for- 
mation can be performed at a low temperature for the *o 
second electrode 26 which is formed on the piezoelec- 
tric/electrostrictive layer 22 after forming the piezoelec- 
tric/electrostrictive layer 22. Therefore, it is possible for 
the second electrode 26 to use low melting point metal 
such as aluminum, gold, and silver. 45 
[0122] The thickness of the electrode 24, 26 also 
serves as a factor to considerably decrease the dis- 
placement of the piezoelectric/electrostrictive element 
18a, iBb. Therefore, it is preferable, especially for the 
electrode formed after the sintering of the piezoelectric/ so 
electrostrictive layer 22, to use organic metal paste ca- 
pable of obtaining a dense and thinner film after the sin- 
tering, for example, a material such as gold resinate 
paste, platinum resinate paste, and silver resinate 

paste. 55 
[0123] The embodiment described above is illustra- 
tive of the case in which the thickness of tho movable 
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portion of the thin plate section 12a, 12b is thicker than 
the thickness Dd of the thin plate section 12a, 12b. Al- 
ternatively, as in a piezoelectric/electrostrictive device 
10d according to a fourth modified embodiment shown 
« in FIG. 12. it is also preferable that the thickness of the 
movable section 20a, 20b is approximately the same as 
the thickness Dd of the thin plate section 12a, 12b. Ac- 
cordingly, when a part or an article is attached to the 
movable section 20a, 20b. the part having a size corre- 
sponding to the distance between the thin plate sections 
12a, 12b can be attached between the movable section 
20a, 20b so that the part is interposed thereby. In this 
case, an adhesive area for attaching the part (for exam- 
ple, the adhesive 38 shown in FIG. 7) corresponds to 
the movable section 20a, 20b. 
[0124] The piezoelectric/electrostrictive device 10 
can be preferably utilized for various sensors including, 
for example, ultrasonic sensors, acceleration sensors, 
angular velocity sensors, and mass sensors. A further 
advantage is obtained such that the sensitivity of the 
sensor can be adjusted with ease by appropriately ad- 
justing the size of the object to be attached between the 
end surfaces 34a, 34b orbetween the thin plate sections 
12a, 12b. 

[01 25] Next, piezoelectric/electrostrictive devices 1 0e 
to lOg according to fifth to seventh embodiments will be 
explained as more preferred embodiments of the 
present invention with reference to FIGS. 13 to 15. 
[0126] At first, as shown in FIG. 1 3, the piezoelectric/ 
electrostrictive device 1 0e according to trpe fifth modified 
embodiment is constructed in approximately the same 
manner as the piezoelectric/electrostrictive device 10 
explained above. However, for example, the arrange- 
ment of the piezoelectric/electrostrictive element 18a, 
18b differs in the following points. 
[0127] That is, the piezoelectric/electrostrictive ele- 
ment 18a, 18b comprises the piezoelectric/electrostric- 
tive layer 22 which has a four-layered structure. The first 
electrode 24 is formed to have a comb-shaped config- 
uration to be located at the upper surface of the first layer 
and the upper surface of the third layer. The second 
electrode 26 is formed to have a comb-shaped config- 
uration to be located at the lower surface of the first lay- 
er, the upper surface of the second layer, and the upper 
surface of the fourth layer. 

[0128] Especially, the second electrode 26, which is 
located at the lower surface of the first layer, is formed 
substantially continuously ranging over the respective 
side surfaces of the thin plate section 1 2a, 1 2b, the mov- 
able section 20a. 20b, and the fixation section 14. Fur- 
ther, a part of the second electrode 26 is separated at 
the side surface of the fixation section 14 to form a slit 
70. 

[01 29] The slit 70 is provided taking the following facts 
into consideration. That is, (1 ) the actuator is not driven 
at the rearward end portion 72 of the piezoelectric/elec- 
trostrictive element 18a, 1 8b (portion ranging from the 
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end of the fixation section 14), (2) any short circuit is 
scarcely formed at the end of the first terminal 28, and 
(3) the electrode material is arranged on the lower sur- 
face of the piezoelectric/electrostrictive layer 22 at the 
rearward end portion of the piezoelectric/electrostrictive 3 
element 18a. 18b. 

[0130] If the provision of the slit 70 is inversely unfa- 
vorable, it is not necessarily indispensable to provide 
the slit 70. The slit 70 may be omitted. 
[0131] In this embodiment, FIG. 13 is illustrative of the 10 
following case. That is, the thickness Dd of the thin plate 
section 12a, 12b is 0.05 mm. The distance Dh from the 
side surface of the first thin plate section 1 2a to the sec- 
ond thin plate section 12b is 1.3 mm. The length Di of 
the fixation section 14 (length of the fixation section 14 is 
in the axial direction of the piezoelectric/electrostrictive 
device 1 0f) is 0.4 mm. The length Df of the movable sec- 
tion 20a, 20b is 0.3 mm. The width Dj of the movable 
section 20a, 20b is 0.25 mm. The protruding amount Dk 
of the movable section 20a, 20b is 0.05 mm. The entire & 
length Dm of the piezoelectric/electrostrictive device 1 0f 
(distance from the forward end of the movable section 
20a, 20b to the rearward end of the fixation section 14) 
is 1 .9 mm. The minimum distance between the end sur- 
faces 34a, 34b (corresponding to the distance Lc shown 25 
in FIG. 1) is 1.04 mm. 

[0132] The dimension of each of the components is 
regulated within a range of ±10 % with respect to each 
of the dimensions described above, in this embodiment, . 
when the movable sections 20a, 20b are connected to oo 
one another witji a spacer member 37 composed of the 
same material as that of the constitutive member as 
shown in FIG. 7 between the end surfaces 34a ( 34b, it 
is possible to obtain the piezoelectric/electrostrictive de- 
vice having a resonance frequency of 45 ±1 0 kHz and 35 
a displacement of not less than 0.5 u.m (30 Vpp). 
[0133] FIG. 13 is illustrative of the case in which the 
respective end surfaces of the piezoelectric/electrostric- 
tive layer 22 having the four-layered structure are 
aligned. However, it is preferable that the end surfaces *o 
of the piezoelectric/electrostrictive layer 22 are dis- 
posed so that upper layers are gradually directed in- 
wardly to provide steps. 

[0134] Next, as shown in FIG. 14, the piezoelectric/ 
electrostrictive device 1 0f according to the sixth modi- 4 $ 
fied embodiment is constructed in approximately the 
same manner as the piezoelectric/electrostrictive de- 
vice 10e according to the fifth modified embodiment. 
However, the arrangement of the piezoelectric/electros- 
trictive element 1 8a. 1 8b differs in the following points. 50 
[0135] That is, the piezoelectric/electrostrictive ele- 
ment 18a,. 18b comprises the piezoelectric/electrostric- 
tive layer 22 which has a three-layered structure. The 
first electrode 24 is formed to have a comb-shaped con- 
figuration to be located at a part of the lower surface of 55 
the first layer and the upper surface of the second layer. 
The second electrode 26 is formed to have a comb- 
shanori confinurarinn to rm Incamrt m a nart nf rhn mumr 



surface of the first layer, the upper surface of the first 
layer, and the upper surface of the third layer. 
[0136] Especially, the first electrode 24 and the sec- 
ond electrode 26, which are located at the lower surface 
of the first layer, are separated from each other at a part 
of the thin plate section 12a, 12b by the aid of a slit 70. 
The second electrode, which is located at the lower sur- 
face of the first layer, is formed continuously over a 
range from the slit 70 to the upper end of the movable 
section 20a, 20b. The first electrode 24, which is located 
at the lower surface of the first layer, is formed continu- 
ously over a range from the slit 70 to the rearward end 
of the fixation section 1 4. 

[0137] Next, as shown in FIG. 15, the piezoelectric/ 
electrostrictive device lOg according to the seventh 
modified embodiment is constructed in approximately 
the same manner as the piezoelectric/electrostrictive 
device 1 0f according to the sixth modified embodiment. 
However, the formation pattern of the pair of electrodes 
24, 26 differs in the following points. 
[0138] That is, the first electrode 24 is formed to have 
a comb-shaped configuration to be located at the lower 
surface of the first layer and the upper surface of the 
second layer of the piezoelectric/electrostrictive layer 
22. The second electrode 26 is formed to have a comb- 
shaped configuration to be located at the upper surface 
of the first layer and the upper surface of the third layer 
of the piezoelectric/electrostrictive layer 22. 
[0139] Especially, the first electrode 24, which is lo- 
cated at the lower surface of the first layer, is formed 
continuously over the respective side surfaces of the 
thin plate section 12a, 12b, the movable section 20a, 
20b, and the fixation section 14. 
[0140] The difference from the piezoelectric/electros- 
trictive device 1 0f according to the sixth modified em- 
bodiment will now be explained. As shown in FIG. 14, 
in the piezoelectric/electrostrictive device 1 0f according 
to the sixth modified embodiment, both of the first elec- 
trode 24 and the second electrode 26 are formed on the 
thin plate section 12a. Therefore, the electrodes 24, 26, 
which have the mutually opposite polarities, are located 
at the both ends of the piezoelectric/electrostrictive el- 
ement 18, 18b (the end corresponding to the forward 
end of the movable section 20a, 20b and the end corre- 
sponding to the rearward end of the fixation section 14). 
[0141] On the other hand, as shown in FIG. 15, in the 
piezoelectric/electrostrictive device lOg according to 
the seventh modified embodiment, only the first elec- 
trode 24 is formed on the thin plate section 12a, 12b. 
Therefore, the electrodes 24, which have the mutually ^ 
identical polarity, are located at the both ends of the pi- 
ezoelectric/electrostrictive element 18a, 1 8b. The fea- 
ture of the polarity at the end as described above is uti- 
lized by appropriately making combination with a circuit 
for which the piezoelectric/electrostrictive device lOg is 
utilized. 

[0142] The substantial driving portion of the piezoe- 
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which the pair of electrodes 24, 26 are overlapped with 
each other In the piezoelectric/eiectrostrictive device 
1 of according to the sixth modified embodiment, as 
shown in FIG. 14, the substantial driving portion is the 
portion at which the electrodes 24, 26 formed at the re- 5 
spective layers of the piezoelectric/eiectrostrictive layer 
22 are overlapped with each other, which resides in one 
part corresponding to the portion indicated by the range 
C. 

[01 43] On the other hand, the substantia! driving por- 10 
tion of the piezoelectric/eiectrostrictive device lOg ac- 
cording to the seventh modified embodiment resides in 
two parts, i.e., the portion (portion indicated by the range 
C) at which the electrodes 24, 26 formed at the respec- 
tive layers of the piezoelectric/eiectrostrictive layer 22 is 
are overlapped with each other, and the portion (portion 
indicated by the range D) which is disposed at the po- 
sition deviated toward the movable section 20a, 20b 
with respect to tho end of the first electrode 24 formed 
at the upper surface of the second layer of the piezoe- 20 
lectric/electrostrictive layer 22 and at which the pair of 
electrodes 24. 26 are overlapped with each other with 
the first layur of the piezoelectric/eiectrostrictive layer 
22 intervening therebetween. The piezoelectric/eiec- 
trostrictive device 10g according to the seventh modified 25 
embodiment is characterized in that the portion indicat- 
ed by the range D also serves as the driving source. 
[0144] Next, explanation will be made with reference 
to FIGS. 1 6 to 40 for several methods for producing the 
piezoelectric/eiectrostrictive device 10 according to the 30 
embodiment of the present invention. 
[01 45] Ceramics is preferably used for the constitutive 
material for each of the members of the piezoelectric/ 
electrostrictive device 10 according to the embodiment 
of the present invention. It is preferable that the consti- 35 
tutive elements of the piezoelectric/eiectrostrictive de- 
vice 10 concerning the substrate 16 except for the pie- 
zoelectric/eiectrostrictive elements 18a, 18b, i.e., the 
thin plate sections 12a, 12b, the fixation section 14, and 
the movable sections 20a, 20b are produced by using 40 
the ceramic green sheet-laminating method. On the oth- 
er hand, it is preferable that the piezoelectric/eiectros- 
trictive elements 18a, 18b as well as the respective ter- 
minals 28, 30 are produced by using the film formation 
method, for example, for the thin film and the thick film. <*5 
[0146] According to the ceramic green sheet-laminat- 
ing method in which the respective members of the sub- 
strate 16 of the piezoelectnc/electrostrictive device 10 
can be formed in an integrated manner, the time-de- 
pendent change of state scarcely occurs at the joined 50 
portions of the respective members. Therefore, this 
method provides the high reliability of the joined portion, 
and it is advantageous to ensure the rigidity 
[0147] In the piezoelectric/eiectrostrictive device 10 
according to this embodiment, the boundary portion 55 
(joined portion) between the thin plate section 12a, 12b 
and the fixation section 14 and the boundary portion 



and the movable section 20a. 20b function as support- 
ing points for expressing the displacement. Therefore, 
ihe reliability of the joined portion is an important point 
which dominates the characteristic of the piezoelectric/ 
electrostrictive device 10. 

[0148] The production methods described below are 
excellent in reproducibility and formability. Therefore, it 
is possible to obtain the piezoelectric/eiectrostrictive de- 
vice 1 0 having a predetermined shape within a short pe- 
riod of time with good reproducibility. 
[01 49] A first production method for the piezoelectric/ 
electrostrictive device 10 according to the embodiment 
of the present invention will be specifically explained be- 
low. The following definitions are now made. The lami- 
nate, which is obtained by laminating the ceramic green 
sheets, is defined to be the ceramic green laminate 58 
(see, for example, FIG. 17). Tho integrated matter, 
which is obtained by sintering the ceramic green lami- 
nate 58, is defined to bo the ceramic laminate 60 (see, 
for example, FIG. 1 8). The integrated mattercomprising 
the movable sections 20a, 20b, the thin plate sections 
12a. 12b, and the fixation section 14, which is obtained 
by cutting off unnecessary portions from Ihe ceramic 
laminate 60, is defined to be the ceramic substrate 16C 
(see FIG. 19). 

[0150] In the firstproduction method, the ceramic lam- 
inate 60 is finally cut into chip units in a form in which a 
plurality of piezoelectric/eiectrostrictive devices 10 are 
arranged in the vertical direction and in the lateral direc- 
tion respectively on an identical substrate to produce a 
large number of piezoelectric/eiectrostrictive devices 1 0 
in accordance with identical steps. However, in order to 
simplify the explanation, description will be made prin- 
cipally for the case in which one individual of piezoelec- 
tric/eiectrostrictive device 10 is produced. 
[0151] At first, for example, a binder, a solvent, a dis- 
persing agent, and a plasticizer are added and mixed 
with a ceramic powder such as zirconia to prepare a 
slurry. The slurry is subjected to a degassing treatment, 
and then a ceramic green sheet having a predetermined 
thickness is prepared in accordance with, for example, 
the reverse roll coater method and the doctor blade 
method. 

[0152] Subsequently, the ceramic green sheet is 
processed into those having various shapes as shown 
in FIG. 16 in accordance with, for example, a method 
such as the punching out based on the mold and the 
laser machining to obtain a plurality of ceramic green 
sheets 50A to 501, 52A, 52B for forming the substrate. 
[0153] The ceramic green sheets 50A to 501, 52A, 
52B include the plurality (for example, nine) of ceramic 
green sheets 50A to 501 each of which is formed with at 
least a window 54 for forming the space between the 
thin plate sections 12a, 12b, and the plurality (for exam- 
ple, two) of ceramic green sheets 52A, 52B to be formed 
into the thin plate sections 12a, 12b thereafter. The num- 
bers of ceramic green sheets referred to above are per- 
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[0154] After mat, as shown in FIG. 17, the ceramic 
green sheets 50A to 501, 52A, 52B are laminated and 
secured under pressure so that the ceramic green 
sheets 50A to 501 are interposed between the ceramic 
green sheets 52A, 52B to form a ceramic green laminate 
58. Subsequently, the ceramic green laminate 58 is sin- 
tered to obtain a ceramic laminate 50 (see FIG. 1 3). 
[0155] It is noted that there is no limitation for the 
number of pressure-securing process or processes and 
the sequence for the purpose of the lamination and in- 
tegration into one unit. These factors can be appropri- 
ately determined depending on the structure, for exam- 
ple, so that the desired structure is obtained on the basis 
of, for example, the shape of the window 54 and the 
number of ceramic green sheets. 
[01 56] It is unnecessary that the shape of the window 
54 is identical in all cases. The shape of the window 54 
can be determined depending on the desired function. 
There is also no limitation for the number of ceramic 
green sheets and the thickness of each of the ceramic 
green sheets. 

[01 57] In the pressure-securing process, it is possible 
to fuiLher improve the laminating performance by apply- 
ing the heat. The laminating performance at the bound- 
ary of the ceramic green sheet can be improved by pro- 
viding an auxiliary joining layer, for example, by applying 
and printing, onto the ceramic green sheet, a paste or 
a slurry principally containing a ceramic powder (it is 
preferable to use a composition which is the same as or 
simi lar to that of the ceramics used for the ceramic green 
sheet in order to ensure the reliability), and a binderj 
When the ceramic green sheets 52A, 52B are thin, it is 
preferable to handle them with a plastic film, especially 
with a polyethylene terephthalate film coated with a re- 
leasing agent based on silicone on the surface. 
[0158] Subsequently, as shown in FIG, 18, the piezo- 
electric/electrostrictive elements 18a, 1 8b are formed 
respectively on the both surfaces of the ceramic lami- 
nate 60, i.e., on the surfaces corresponding to the sur- 
faces at which the ceramic green sheets 52A, 52B are 
laminated. Those usable as the method for forming the 
piezoelectric/electrostrictive elements 18a, 18b include 
the thick film formation method such as the screen print- 
ing method, the dipping method, the coating method, 
and the electrophoresis method, and the thin film forma- 
tion method such as the ion beam method, the sputter- 
ing method, the vacuum vapor deposition, the ion plat- 
ing method, the chemical vapor deposition method 
(CVD), and the plating. 

[0159] When the piezoelectric/electrostrictive ele- 
ments 18a, 18b are formed by using the film formation 
method as described above, the piezoelectric/electros- 
trictive elements 18a, 18b and the thin plate sections 
1 2a, 1 2b can be integrally joined and arranged without 
using any adhesive, it is possible to ensure the reliability 
and the reproducibility, and it is easy to form the stack. 
[0160] in this case, it is preferable that the piezoelec- 
rric/olnrurostrintivn nlnments 18a. i Rh ;iro fnrmnn hw 



means of the thick film formation method, because of 
the following reason. That is, especially, when the pie- 
zoelectric/electrostrictive layer 22 is formed by using the 
thick film formation method, the film can be formed by 

5 using, for example, a paste, a slurry, a suspension, an 
' emulsion, or a sol containing a major component of par- 
ticles or powder of piezoelectric ceramics having an av- 
erage particle size of 0.01 to 5 ^m, preferably 0.05 to 3 
u.m. it is possible to obtain good piezoelectric/electros- 

10 trictive characteristics by sintering the formed film. 
[0161] The electrophoresis method is advantageous 
in that the film can be formed at a high density with a 
high shape accuracy. The screen printing method is ad- 
vantageous to simplify the production step, because it 

is is possible to simultaneously perform the film formation 
and the pattern formation. 

[0162] Explanation will be specifically made for the 
formation of the piezoelectric/electrostrictive elements 
18a, 18b. At first, the ceramic green laminate 58 is sin- 

20 tered and integrated into one unit at a temperature of 
1200 °C to 1600 °C to obtain the ceramic laminate 50. 
After that, the first ones of the first electrodes 24 for the 
thin plate sections 12a, 1 2b are printed and sintered at 
predetermined positions on the both surfaces of the ce- 

25 ramie laminate 60. Subsequently, the piezoelectric/elec- 
trostrictive layers 22 are printed and sintered. Further, 
the second electrodes 26, which form the pairs with the 
first ones of the first electrodes 24, are printed and sin- 
tered to form the piezoelectric/electrostrictive elements 

30 18a, 1 8b by repeating the foregoing steps in a predeter- 
mined number of times (when the piezoelectric/electros- 
trictive element 18a, 18b is composed of the multilay- 
ered piezoelectric/electrostrictive layer 22). After that, 
the terminals 28, 30 are printed and sintered in order to 

35 electrically connect the respective electrodes 24, 26 to 
the driving circuit. 

[0163] Alternatively, the following process may be 
available. That is, the first one of the first electrode 24 
at the lowermost layer is printed and sintered. The pie- 

40 zoelectric/electrostrictive layer 22 and the first one of the 
second electrode 26 which forms the pair with the first 
one of the first electrode 24 are printed and sintered. 
The printing and the sintering are repeated in a prede- 
termined number of times with the foregoing process 

45 unit to form the piezoelectric/electrostrictive element 
18a, 18b. 

[0164] In this process, when the materials are select- 
ed so that the sintering temperature for each of the 
members is lowered in accordance with the stacking se- 

50 quence, for example, when platinum (Pt) is used for the 
first electrode 24, lead zirconate titanate (PZT) is used 
for the piezoelectric/electrostrictive layer 22, gold (Au) 
is used for the second electrode 26, and silver (Ag) is 
used for the terminals 28, 30, then the material, which 

55 has been already sintered beforehand, is not sintered 
again at a certain sintering stage. Thus, it is possible to 
avoid the occurrence of inconvenience such as peeling 

nff -}prf nnnrnontt'nn nf rhn nln^tr^dn rrnrnrial nr thn WUn 
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[0165] When appropriate materials are selected, it is 
also possible to successively print the respective mem- 
bers of the piezoelectric/electrostrictive elements 18a, 
18b and the terminals 28, 30, followed by the sintering 
one time. Further, it is also possible to provide, for ex- 5" 
ample, the electrode 26 at the outermost layer at a low 
temperature after forming the piezoelectric/electrostric- 
tive layer 22 at the outermost layer. 
[0166] Alternatively, the respective members of the pi- 
ezoelectric/electrostrictive elements 18a, 18b and the w 
terminals 28, 30 may be formed by means of the thin 
film formation method such as the sputtering method 
and the vapor deposition method. In this case, it is not 
necessarily indispensable to perform the heat treat- 
ment. 15 
[0167] When the piezoelectric/electrostrictive ele- 
ments 1 8a, 1 8b are formed, it is also preferable that the 
piezoelectric/Glectrostrictive elements 18a, 1 8b are pre- 
viously formed on the both surfaces of the ceramic 
green laminate 58, i.e., on the respective surfaces of the ?o 
ceramic green sheets 52A, 52B, and the ceramic green 
laminate 58 and the piezoelectric/electrostrictive ele- 
ments 18a, 18b are simultaneously sintered or co-fired. 
For example, the following methods are available to per- 
form the co-firing. That is, the sintering may be per- 25 
formed for all of the constitutive films of the ceramic 
green laminate 56 and the piezoelectric/electrostrictive 
elements 18a, 18b. The first electrodes 24 and the ce- 
ramic green laminate 58 may be co-fired, or the other 
constitutive films except for the second electrodes 26 so 
and the ceramic green laminate 58 may be co-fired. 
[01 68] The following method is available to co-fire the 
piezoelectric/electrostrictive elements 1 8a, 1 8b and the 
ceramic green laminate 58. That is, precursors of the 
piezoelectric/electrostrictive layers 22 are formed, for 35 
example, in accordance with the tape formation method 
based on the use of a slurry material. The precursors of 
the piezoelectric/electrostrictive layers 22 before the 
sintering are laminated on the surfaces of the ceramic 
green laminate 58, for example, by means of the thermal *o 
securing process under pressure, followed by the co- 
firing to simultaneously produce the movable sections 
20a, 20b, the thin plate sections 12a, 12b, the piezoe- 
lectric/electrostrictive layers 22, and the fixation section 
14. However, in this method, it is necessary to form the 4 5 
electrodes 24 beforehand on the surfaces of the ceramic 
green laminate 58 and/or on the piezoelectric/electros- 
trictive layers 22 by using the film formation method de- 
scribed above. 

[0169] Another method is also available. That is, the 50 
electrodes 24, 26 and the piezoelectric/electrostrictive 
layers 22, which are the respective constitutive layers 
of the piezoelectric/electrostrictive elements 18a, 18b, 
are formed by means of the screen printing on portions 
to be finally formed into at least the thin plate sections 55 
12a, 12b of the ceramic green laminate 58, followed by 
the co-firing. 



film of the piezoelectric/electrostrictive element i8a, 
1 8b is appropriately determined depending on the ma- 
len'al for constructing the same. However, the sintering 
temperature is generally 500 °C to 1 500 °C. The sinter- 
ing temperature is preferably 1 000 °C to 1 400 Q C for the 
piezoelectric/electrostrictive layer 22. In this case, in or- 
der to control the composition of the piezoelectric/elec- 
trostrictive layer 22, the sintering is preferably per- 
formed in the presence of an evaporation source of the 
material of the piezoelectric/electrostrictive layer 22. 
When the piezoelectric/electrostrictive layers 22 and the 
ceramic green laminate 58 are co-fired, it is necessary 
to conform the sintering conditions of the both. The pi- 
ezoelectric/electrostrictive element 18a, 18b is not nec- 
essarily formed on the both surfaces of the ceramic lam- 
inate 60 or the ceramic green laminate 58. It is of course 
allowable to form the piezoolectric/electrostrictive ele- 
ment 18a, 18b on only one surface. 
[0171] Subsequently, unnecessary portions are cut 
off from the ceramic laminate 60 formed with the piezo- 
electric/electrostrictive elements 18a, 18D as described 
above. The cutoff positions are located at side portions 
of the ceramic laminate 60, especially at portions at 
which the hole 42 based on the window 54 is formed on 
the side surfaces of the ceramic laminate 60 by means 
of the cutoff (see cutting lines C1 and 02). 
[0172] Subsequently, as shown in FIG. 19. a central 
portion 20c of the portion to be formed into the movable 
sections 20a, 20b is cut and removed along cutting lines 
C3 and C4 to produce the piezoelectric/electrostrictive 
device 10 comprising the piezoelectric/electrostrictive 
elements 1 8a, 1 8b formed on the ceramic substrate 1 6C 
integrated with the movable sections 20a, 20b, the thin 
plate sections 12a, 12b, and the fixation section 14. 
Those applicable as the cutoff method include the me- 
chanical machining such as the dicing machining and 
the wire saw machining as well as the electron beam 
machining and the laser machining based on the use of, 
for example, the YAG laser and the excimer laser. 
[0173] When the ceramic substrate 1 6C is cut off, the 
machining may be performed by combining the machin- 
ing methods described above. For example, the wire 
saw machining is preferably performed for the cutting 
lines C1 and C2 (see FIG. 18). The dicing machining is 
preferably performed for the end surfaces 34a, 34b of 
the movable sections 20a, 20b and the fixation section 
14 perpendicular to the cutting lines Ct and C2. 
[0174] In the first production method for the piezoe- 
lectric/electrostrictive device 1 0 described above, the pi- 
ezoelectric/electrostrictive elements 18a, 18b are 
formed on the thin plate sections 12a, 12b by means of 
the integrated sintering. Therefore, as shown in FIG. 
20A, for example, the thin plate sections 12a, 12b and 
the piezoelectric/electrostrictive elements 18a, 18b are 
slightly displaced to be convex toward the hole 42, giv- 
ing a state in which the strain is generated in shape, for 
example, due to the shrinkage of the piezoelectric/elec- 
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difference in coefficient of thermal expansion among the 
pair of electrodes 24, 26, the piezoelectric/electrostric- 
tive layers 22, and the Lhin plale sections 12a, 1 2b. As 
a result, the internal residual stress tends to arise in the 
piezoelectric/electrostrictive elements 18a. 18b (espe- 5 
cially in the piezoelectric/electrostrictive layers 22) and 
in the thin plate sections 12a, 12b. 
[0175] The internal residual stress in the thin plate 
sections 12a, 12b and the piezoelectric/electrostrictive 
layers 22 is generated when the integrated sintering is w 
performed as described above as well as when separate 
members of the piezoelectric/electrostrictive elements 
18a. 18b are bonded to the thin plate sections 12a, 12b, 
for example, with an adhesive. That is, the internal re- 
sidual stress is generated in the thin plate sections 12a, 15 
12b and the piezoelectric/electrostrictive layers 22 due 
to the curing and shrinkage of the adhesive or the like 
when the adhesive is immobilized or cured. When the 
heating is required for the immobilization or the curing, 
the internal residual stress is increased. 20 
[01 76] If the piezoelectric/electrostrictive device 1 0 is 
used in this state, the movable sections 20a, 20b do not 
exhibit any desired displacement in some cases, even 
when the predetermined electric field is applied to the 
piezoelectric/electrostrictive layers 22, because of the 25 
following reason. That is, the material characteristic of 
the piezoelectric/electrostrictive layers 22 and the dis- 
placement action of the movable sections 20a, 20b are 
inhibited by the internal residual stress generated in the 
thin plate sections 12a. 12b and the piezoelectric/elec- so 
trostrictive layers 22. 

[0177] In the first production method, as shown in FIG. 
20A, the central portion 20c of the movable section 20a t 
20b is cut off by a predetermined width W1 (for example, 
1 00 urn). When the central portion 20c is cut off, the mu- 35 
tually opposing end surfaces 34a, 34b are formed for 
the movable sections 20a, 20b as shown in FIG. 20B. 
The end surfaces 34a, 34b are moved to make ap- 
proach to one another by the internal residual stress 
having been generated in the thin plate sections 12a, « 
12b and the piezoelectric/electrostrictive layers 22. The 
width between the respective end surfaces 34a, 34b af- 
ter the movement is, for example, a second predeter- 
mined width W2 (for example, 30 urn) which is shorter 
than the predetermined width W1 . More specifically, the 4 $ 
second predetermined width W2 is shorter at forward 
end portions. 

[0178] The movement of the end surfaces 34a, 34b 
results from the release of the internal residual stress 
having been generated in the thin plate sections 12a. so 
12b and the piezoelectric/electrostrictive layers 22. 
When the piezoelectric/electrostrictive device 1 0 is used 
in a state in which the internal residual stress is re- 
leased, then the movable sections 20a, 20b exhibit the 
displacement action as approximately designed, and 55 
the good device characteristic is exhibited. This effect 
is equivalent^ obtained when a part of the portion to be 
formed into the fixation section 14 is cut off to form the 



mutually opposing end surfaces 34a, 34b for the fixation 
section 1 4, for example, as shown in FIG. II. In this 
case, Lhe internal residual stress, which has been gen- 
erated in the thin plate sections 1 2a, 1 2b and the piezo- 
electric/electrostrictive layers 22. is released by the 
movement of the mutually opposing end surfaces 34a. 
34b formed for the fixation section 14. The mutually op- 
posing end surfaces 34a, 34b are not necessarily 
formed by cutting off the central portion of the movable 
section 20a, 20b or the fixation section 1 4. An equivalent 
effect is also obtained even when the mutually opposing 
end surfaces 34a, 34b are formed by cutting a portion 
deviated from the center. 

[0179] When the cutoff as shown in FIG. 18 and the 
cutoff as shown in FIG. 1 9 are performed, it is preferable 
that the heat treatment is performed at 300 °C to 800 
°C after the cutoff, because of the following reason. That 
is, any defect such as microcrack tends to occur in the 
piezoelectric/electrostrictive device 1 0 as a result of the 
machining, while the defect can be removed by means 
of the heat treatment described above, and the reliability 
is improved. Further, it is preferable to apply the aging 
treatment by being left to stand for at least about 10 
hours at a temperature of about 80 °C after the heat 
treatment, because of the following reason. That is, 
when the aging treatment is performed, for example, the 
various stresses, which have been exerted during the 
production process, can be further mitigated to contrib- 
ute to the improvement in characteristic. 
[0180] Next, a second production method will be ex- 
plained with reference to FlfS. 21 to 24. At first, as 
shown in FIG. 21, a plurality "(for example, four) of ce- 
ramic green sheets 50A to 500 each of which is formed 
with a window 54 for forming at least the space between 
the thin plate sections 12a. 12b, a plurality (for example, 
seven) of ceramic green sheets 102A to 102G each of 
which is continuously formed with a window 54 for form- 
ing the space between the thin plate sections 12a, 12b 
and a window 1 00 for forming the movable sections 20a, 
20b having the mutually opposing end surfaces 34a, 
34b, and a plurality (for example, two) of ceramic green 
sheets 52A, 52B to be formed into the thin plate sections 
12a, 12b thereafter are prepared. 
[0181] After that, as shown in FIG. 22, the ceramic 
green sheets 50A to 50D, 52A, 52B, 102 A to 102G are 
laminated and secured under pressure so that the ce- 
ramic green sheets 50A to 50D, 102A to 102G are in- 
terposed between the ceramic green sheets 52A, 52B 
to form a ceramic green laminate 58. The lamination is 
performed while the ceramic green sheets 102A to 
102G are positioned at the center. During this process, 
there may be portions on which no pressure is applied 
during the securing underpressure, due to the presence 
of the window 100. Therefore, for example, it is neces- 
sary that the order of the lamination and the pressure- 
securing is changed so that such portions do not appear. 
This procedure is also significant in third and fourth pro- 
duction mother^ ^nqrrih^rt larnr on Afmr rh^r rho on- 
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ramie green laminate 58 is sintered to obtain a ceramic 
laminate 60 (see FIG. 23). 

[0182] Subsequently, as shown in FIG. 23, the piezo- 
electric/electrostrictive elements 18a, 1 8b having the 
multilayered structure are formed respectively on the 5 
both surfaces of the ceramic laminate 60, i.e., on the 
surfaces corresponding to the surfaces at which the ce- 
ramic green sheets 52A, 52B are laminated respective- 
ly. The piezoelectric/electrostrictive elements 18a. 1 8b 
are integrated into the ceramic laminate 60 by means of 1 $ 
the sintering. Of course, it is allowable to form the pie- 
zoelectric/electrostrictive element 18 on only one side 
surface. This fact also holds for the third and fourth pro- 
duction methods described later on. 
[0183] Subsequently, the ceramic laminate 60, which is 
is formed with the piozoolectric/electrostrictive elements 
1 8a, 1 8b, is cut along cutting lines C1 , C2, C5 to thereby 
cut off side portions and forward end portions of the ce- 
ramic laminate 60. As a result of the cutoff, as shown in 
FIG. 24, the piezoelectric/electrostrictive device 10 is ?o 
obtained, which is formed with the movable sections 
20a. 20b having the mutually opposing end surfaces 
34a, 34b in which the piezoelectric/electrostrictive ele- 
ments 18a, 18b are formed on the ceramic substrate 
16C. The following cutting timing is available. That is, 25 
the ceramic laminate 60 may be cut along the cutting 
lines C1 and C2, and then it may be cut along the cutting 
line C5. Alternatively, the ceramic laminate 60 may be 
cut along the cutting line C5, and then it may be cut along 
the cutting lines C1 and C2. Of course, it is also prefer- 30 
able to perform the fdregoing cutting procedures at the 
same time. The end of the fixation section 14, which is 
opposed to thecutting line C5, maybe appropriately cut. 
[0184] In the second production method, the piezoe- 
lectric/electrostrictive elements 1 8a, 1 8b are formed on 35 
the ceramic substrate 16C simultaneously with the cut- 
off of the unnecessary portions from the ceramic lami- 
nate 60, making it possible to obtain the piezoelectric/ 
electrostrictive device 10 formed with the movable sec- 
tions 20a, 20b having the mutually opposing end surfac- 
es 34a, 34b. Accordingly, it is possible to simplify the 
production steps. Further, it is possible to improve the 
yield of the piezoelectric/electrostrictive device 10. In 
this procedure, it is especially preferable that a plurality 
of piezoelectric/electrostrictive devices 1 0 are arranged 4 $ 
in the vertical direction and in the lateral direction re- 
spectively on an identical substrate to produce a large 
number of piezoelectric/electrostrictive devices 10 in ac- 
cordance with identical steps, because of the following 
reason. That is, a large number of individuals are easily 50 
dealt with in the identical step concerning the formation 
of the end surfaces 34a, 34b as compared with the first 
production method. 

[0185] Next, a third production method will be ex- 
plained with reference to FIGS. 25 to 28. At first, as 55 
shown in FIG. 25, a plurality (for example, four) of ce- 
ramic green sheets 50A to SOD each of which is formed 



the thin plate sections 1 2a, I2b, a plurality (for example, 
seven) of ceramic green sheets 108A to I08G each of 
which is continuously formed with a window 54 for form- 
ing the space between the thin plate sections 12a, 12b 
and a window 104 for forming a portion 20D (see FIG. 
28) to be formed into the movable sections 20a, 20b with 
the mutually opposing end surfaces 34a, 34b partially 
connected to one another and which is formed with a 
projection 106 partially protruding toward the window 
54. and a plurality (for example, two) of ceramic green 
sheets 52A, 52B to be formed into the thin plate sections 
12a, 12b thereafter are prepared. 
[0186] After that, as shown in FIG. 26, the ceramic 
green sheets 50 A to SOD, 52 A, 52B, 108A to 108G are 
laminated and secured under pressure so that the ce- 
ramic green sheets 50A to 50D, 108A to 108G are in- 
terposed between the ceramic green sheets 52A, 52B 
to form a ceramic green laminate 58. The lamination is 
performed while the ceramic green sheets 108A to 
1 08G are positioned at the center. After that, the ceramic 
green laminate 58 is sintered to obtain a ceramic lami- 
nate 60 (see FIG. 27). 

[0187] Subsequently, as shown in FIG. 27. the piezo- 
electric/electrostrictive elements 18a. 1 8b having the 
multilayered structure are formed respectively on the 
both surfaces of the ceramic laminate 60. i.e., on the 
surfaces corresponding to the surfaces at which the ce- 
ramic green sheets 52A, 52B are laminated. The piezo- 
electric/electrostrictive elements 18a. 10b are integrat- 
ed into the ceramic laminate 60 by means of the sinter- 
ing. 

[0188] Subsequently, the ceramic laminate 60, which 
is formed with the piezoelectric/electrostrictive elements 
1 8a, 1 8b, is cut along cutting lines C 1 , C2, C5 to thereby 
cut off side portions and forward end portions of the ce- 
ramic laminate 60. As a result of the cutoff, as shown in 
FIG. 28, the fixation section 14, the thin plate sections 
12a, 12b, and the piezoelectric/electrostrictive elements 
18a, 18b are formed. However, the portion 20D to be 
formed into the movable sections 20a, 20b is in a state 
in which the mutually opposing end surfaces 34a, 34b 
are partially connected to one another by the projection 
106. 

[0189] Subsequently, the projection 106, which par- 
tially connects the mutually opposing end surfaces 34a, 
34b, is cut off to produce the piezoelectric/electrostric- 
tive device 10 in which the piezoelectric/electrostrictive 
elements 1 8a, 1 8b are formed on the ceramic substrate 
16C integrated with the movable sections 20a, 20b, the 
thin plate sections 12a, 12b, and the fixation section 14. 
[01 90] In the third production method, it is enough that 
the slender projection 1 06, which partially connects the 
mutually opposing end surfaces 34a, 34b, is cut off at 
the final stage. Accordingly, the cutoff procedure can be 
performed easily and reliably, and thus it is possible to 
simplify the production steps. Further, it is possible to 
improve the yield of the piezoelectric/electrostrictive do- 
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[0191] Next, a fourth production method will be ex- 
plained with reference to FIGS. 29 to 32. At first, as 
shown in FIG. 29, a plurality (for example, four) of ce- 
ramic green sheets 50A to 500 each of which is formed 
with a window 54 for forming at least the space between 
the thin plate sections 12a, 12b, a plurality (for example, 
seven) ceramic green sheets 114A to 114G each of 
which is formed with a window 54 for forming the space 
between the thin plate sections 12a, 12b and a window 
1 04 for forming a portion 20D (see FIG. 32) to be formed 
into the movable sections 20a, 20b with the mutually op- 
posing end surfaces 34a t 34b partially connected to one 
another and which is formed with a crosspiece 112 to 
separate the window 54 and the window 1 04 from each 
other, and a plurality (forexample, two) of ceramic green 
sheets 52A, 52B to be formed into the thin plate sections 
12a, 12b thereafter are prepared. 
[0192] After that, as shown in FIG. 30, the ceramic 
green sheets 50A to SOD, 52 A, 52B, ti4A to 114G are 
laminated and secured under pressure so that the ce- 
ramic green sheets 50 A to 50D, 1 1 4A to 11 4G are i n tor- 
posed between the ceramic green sheets 52A, 52B to 
form a ceramic green laminate 58. The lamination is per- 
formed while the ceramic green sheets 114A to 114G 
are positioned at the center. After that, the ceramic 
green laminate 58 is sintered to obtain a ceramic lami- 
nate 60 (see FIG. 31). 

[0193] Subsequently, as shown in FIG. 31 , the piezo- 
electric/electrostrictive elements 18a, 18b having the 
multilayered structure are formed respectively on the 
both surfaces of the ceramic laminate 60, i.e., on the 
surfaces corresponding to the surfaces at which the ce- 
ramic green sheets 52A, 52B are laminated. The piezo- 
clecthc/electrostrictive elements 18a, 18b are integrat- 
ed into the ceramic laminate 60 by means of the sinter- 
ing. 

[0194] Subsequently, the ceramic laminate 60, which 
is formed with the piezoelectric/electrostrictive elements 
1 8a, 1 8b, is cut along cutting lines C1 , C2, C5 to thereby 
cut off side portions and forward end portions of the ce- 
ramic laminate 60. As a result of the cutoff, as shown in 
FIG. 32, the fixation section 14, the thin plate sections 
1 2a, 1 2b, and the piezoelectric/eiectrostrictive elements 
18a, 18b are formed. However, the portion 20D to be 
formed into the movable sections 20a, 20b is in a state 
in which the mutually opposing end surfaces 34a, 34b 
are partially connected to one another by the crosspiece 
112. 

[0195] Subsequently, the crosspiece 112, which par- 
tially connects the mutually opposing end surfaces 34a, 
34b, is cut off to produce the piezoelectric/electrostric- 
tive device 10 in which piezoelectric/electrostrictive el- 
ements 18a, 18b are formed on the ceramic substrate 
-1 6C integrated with the movable sections 20a 20b, thin 
plate sections 12a, 12b, and the fixation section 14. 
[0196] in the fourth production method, it is enough 
that the crosspiece 112, which partially connects the 
mutually ODPOSinq end surfaces 34a, 34b, is cut off at 



the final stage. Accordingly, the cutoff procedure can be 
performed easily and reliably, and thus it is possible to 
simplify the production steps. Further, il is possible to 
improve the yield of the piezoelectric/electrostrictive de- 
5 vice 10. 

[0197] The embodiments described above are illus- 
trative of the case in which the movable sections 20a. 
20b. the fixation section 14, and the thin plate sections 
1.2a. 12b are constructed by the ceramic substrate 16C. 

10 Alternatively, each of the parts may be made of a metal 
material. Further alternatively, each of the parts may be 
made to provide a hybrid structure obtained by combin- 
ing those produced with materials of ceramics and met- 
al. In this case, in order to join the metal materials to one 

is another and/or join the ceramic and metal materials to 
one another, it is possible to use adhesion with organic 
rosin or glass, brazing, soldering, outectic bonding, or 
welding. 

[0198] Explanation will be made with reference to 

20 FIGS. 33 to 40, for example, for production methods 
(fifth and sixth production methods) for a piezoelectric/ 
electrostrictive device (piezoelectric/electrostrictive de- 
vice 1 0h according to an eighth modified embodiment) 
having the hybrid structure in which the movable sec- 

25 tions 20a. 20b and the fixation section 14 are made of 
ceramics, and the thin plate sections 1 2a. 1 2b are made 
of metal. Therefore, the substrate containing metal and 
ceramics, which is produced by the fifth and sixth pro- 
duction methods, is referred to as the substrate 16D. 

30 [0199] In the fifth production method, at first, as shown 
in FIG. 33, a plurality (for example, four) of ceramic 
green sheets 50A to SOD each of which is formed with 
a window 54 for forming at least the space between the 
thin plate sections 1 2a, 1 2b, and a plurality (forexample, 

35 seven) ceramic green sheets 102A to 102G each of 
which is continuously formed with a window 54 for form- 
ing the space between the thin plate sections 12a, 12b 
and a window 1 00 for forming the movable sections 20a, 
20b having the mutually opposing end surfaces 34a, 

40 34b are prepared. 

[0200] After that, as shown in FIG. 34, the ceramic 
green sheets 50A to 50D, 102A to 102G are laminated 
and secured under pressure to form a ceramic green 
laminate 1 58. The lamination is performed while the ce- 

45 ramie green sheets 1 02A to 1 02G are positioned at the 
center. After that, as shown in FIG. 35, the ceramic 
green laminate 1 58 is sintered to obtain a ceramic lam- 
inate 160. At this stage, the ceramic laminate 160 is 
formed such that the hole 130 is formed by the windows 

so 54,100." 

[0201] Subsequently, as shown in FIG. 36, the piezo- 
electric/electrostrictive elements 18a, 18b, which are 
constructed as separate members, are respectively 
bonded with an epoxy adhesive to the surfaces of metal 
55 plates 152A, 152B to serve as the thin plate sections 
12a, 12b. The separate members of the piezoelectric/ 
electrostrictive elements 1 8a, 1 8b can be formed, for ex- 
amole, in accordance with the ceramic oreon sheet-tarn- 
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inating method. 

[0202] Subsequently, the metal plates 152A, I52B 
are bonded to Ihe ceramic laminate 1 60 with the epoxy 
adhesive so that the ceramic laminate 1 60 is interposed 
between the metal plates 1 52A, 1 52B and the hole 1 30 5 
is closed thereby to provide a hybrid laminate 162 (see 
FIG. 37). 

[0203] Subsequently, as shown in FIG. 37, the hybrid 
laminate 162, which is formed with the piezoelectric/ 
electrostrictive elements 18a, 18b, is cut along cutting 10 
lines C1 , C2, C5 to thereby cut off side portions and for- 
ward end portions of the hybrid laminate 1 62. As a result 
of the cutoff, as shown in FIG. 38, the piezoelectric/elec- 
trostrictive device 1 0h according to the eighth modified 
embodiment is obtained, in which the piezoelectric/elec- 15 
trostrictive elements 18a, 18b are formed on the thin 
plate sections 12a, 12b constituted by the metal plates, 
of the substrate 1 6D, and the movable sections 20a, 20b 
having the mutually opposing end surfaces 34a, 34b are 
formed. 

[0204] On the other hand, in the sixth production 
method, at first, as shown in FIG. 34, ceramic green 
sheets 50A to SOD, 102A to 102G are laminated and 
secured under pressure to form a ceramic green lami- 
nate 1 58. After that, the ceramic green laminate 1 58 is 25 
sintered to obtain a ceramic laminate 160 as shown in 
FIG. 39. At this stage, the ceramic laminate 160 is 
formed such that the hole 1 30 is formed by the windows 
54, 100. 

[0205] Subsequently, as shown in FIG. 40, the metal 30 
plates 152A, 152B are bonded to the ceramic laminate 
1 60 with an epoxy adhesive so that the ceramic laminate 
1 60 is interposed between the metal plates 1 52A ( 1 52 3 
and the hole 130 is closed thereby to provide a hybrid 
laminate 162. In this procedure, when the piezoelectric/ 35 
electrostrictive elements 18a, iBb are stuck to the sur- 
faces of the bonded metal plates 152A, 152B, the hole 
1 30 is optionally filled with a filler material 1 64 as shown 
in FIG. 39 so that a sufficient bonding pressure may be 
applied. 

[0206] It is necessary to finally remove the filler ma- 
teria! 164. Therefore, it is preferable to use a hard ma- 
terial which is easily dissolved in a solvent or the like. 
The material includes, for example, organic resin, wax, 
and brazing filler material. It is also possible to adopt a 
material obtained by mixing ceramic powder as a filler 
with organic resin such as acrylic. 
[0207] Subsequently, as shown in FIG. 40, the piezo- 
electric/electrostrictive elements 18a, 18b, which are 
constructed as separate members, are bonded with an so 
epoxy adhesive to the surfaces of the metal plates 1 52A, 
1 52B of the hybrid laminate 1 62. The separate members 
of the piezoelectric/electrostrictive elements 18a, 18b 
can be formed, for example, in accordance with the ce- 
ramic green sheet-laminating method. 55 
[0208] Subsequently, the same steps as those illus- 
trated in FIGS. 37 and 38 are performed as described 



lOh according to the eighth modified embodiment in 
which the piezoelectric/electrostrictive elements 18a, 
1 8b are farmed on the thin plate sections 1 2a, 1 2b con- 
stituted by the metal plates 1 52A, 1 52B, of the substrate 
1 6D, and the movable sections 20a, 20b having the mu- 
tually opposing end surfaces 34a, 34b are formed. 
[0209] When all of the substrate 1 6D is made of metal, 
for example, the portions corresponding to the ceramic 
iaminate 160 shown in FIG. 35 are formed by means of 
molding. Further, thin metal materials may be laminated 
to form the substrate 16D in accordance with the clad- 
ding method. 

[0210] The piezoelectric/electrostrictive device de- 
scribed above can be utilized as the active device in- 
cluding, for example, various transducers, various actu- 
ators, frequency region functional parts (filters), trans- 
formers, vibrators, resonators, oscillators, and discrim- 
inators for the communication and the power genera- 
tion, as well as the sensor element for various sensors 
including, for example, ultrasonic sensors, acceleration 
sensors, angular velocity sensors, shock sensors, and 
mass sensors. Especially, the piezoelectric/electrostric- 
tive device described above can be preferably utilized 
for various actuators to be used for the mechanism for 
adjusting the displacement and the positioning and for 
adjusting the angle for various precision parts such as 
those of optical instruments and precision mechanical 
equipments. 

[0211] It is a matter of course that the piezoelectric/ 
electrostrictive device and the method for producing the 
s|me according to the present invention are not limited 
to the embodiments described above, which may be 
embodied in other various forms without deviating from 
the gist or essential characteristics of the present inven- 
tion. 



Claims 



40 1 . A piezoelectric/electrostrictive device comprising: 



a pair of mutually opposing thin plate sections 
(12a, 12b) and a fixation section (14) for sup- 
porting said thin plate sections (12a, 12b); 
movable sections (20a, 20b) provided at for- 
ward end portions of said pair of thin plate sec- 
tions (12a, 12b); and 

one or more piezoelectric/electrostrictive ele- 
ments (1 8a, 18b) arranged on at least one thin 
plate section of said pair of thin plate sections 
(12a, 12b). wherein: 

any one of said movable sections (20a, 20b) 
and said fixation section (14) has mutually op- 
posing end surfaces (34a, 34b); and 
a distance (Lc) between said end surfaces 
(34a, 34b) is not less than a length (Df) of said 
movable section (20a, 20b). 
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2. The piezoelectric/electrostrictive device according 
to claim 1, wherein: 

any one of said movable section (20a, 20b) and 
said fixation section (14) has a cutoff section; 5" 
and 

a part of said cutoff section constitutes said mu- 
tually opposing end surfaces (34a, 34b). 

3. The piezoelectric/electrostrictive device according io 
to claim 1 or2, wherein said thin plate section (12a. 

1 2b), said movable section (20a, 20b), and said fix- 
ation section (14) are composed of a ceramic sub- 
strate (16C) integrated into one unit by co-firing a 
ceramic green laminate (58) and cutting off unnec- ' 5 
essary portions. 

4. The piGzoelectric/elecrrostrictive device according 
to claim 3, wherein said piezoelectric/electrostric- 
tive element (18a, 18b) has a film-shaped configu- ?o 
ration, and it is integrated with said ceramic sub- 
strate (16C) by means of sintering. 

5. The piezoelectric/electrostrictive device according 

to any one of claims 1 to 4, wherein a gap (36) is 25 
formed between said mutually opposing end surfac- 
es (34a. 34b). 

6. The piezoelectric/electrostrictive device according 

to any one of claims 1 to 5, wherein: & 

a member (37, 37A to 37C, 38) which is the 
same as a constitutive member of any one of 
said movable section (20a, 20b) and said fixa- 
tion section (14), or a plurality of members (37, 35 
37A to 37C, 38) which are different therefrom 
are interposed between said mutually opposing 
end surfaces (34a, 34b); and 
an areal size of a surface of said member (37, 
37A to 37C, 38) opposed to said end surface 40 
(34a, 34b) is substantially the same as an areal 
size of said end surface (34a, 34b). 

7. The piezoelectric/electrostrictive device according 

to claim 6, wherein at least one member (38) of said *5 
plurality of members (37, 37A to 37C, 38) is organic 
resin. 

8. The piezoelectric/electrostrictive device according 

to claim 6 or 7, wherein a hole (42), which is formed so 
by both inner walls of said pair of thin plate sections 
(12a, 12b), inner walls of said movable sections 
(20a, 20b), inner walls of said plurality of members 
(37, 37A to 37C. 38), and an inner wall of said fixa- 
tion section (14), is filled with a gel material. ^ 

9. The piezoelectric/electrostrictive device according 
ro anv one of claims 1 to 8. wrmroin sairi rtnvirtp had 



such a structure that internal residual stress, which 
has been generated in said thin plate section (12a, 
12b) and/or said piezoeleclric/electrostriclive ele- 
ment (18a, 18b) during production, is released by 
forming said mutually opposing end surfaces (34a, 
34b). 

10. The piezoelectric/electrostrictive device according 
to any one of claims 1 to 9, wherein said piezoelec- 
tric/electrostrictive element (18a, 18b) has a piezo- 
electric/electrostrictive layer (22) and a pair of elec- 
trodes (24, 26) formed on said piezoelectric/elec- 
trostrictive layer (22). 

11. The piezoelectric/electrostrictive device according 
to claim 10, wherein said piezoelectric/electrostric- 
tive element (18a, 18b) is constructed in a stacked 
form comprising a plurality of units each including 
said piezoelectric/electrostrictive layer (22) and 
said pair of electrodes (24, 26). 

12. A method for producing a piezoelectric/electrostric- 
tive device (10) comprising: 

a pair of mutually opposing thin plate sections 
(12a. 12b) and a fixation section (14) for sup- 
porting said thin plate sections (12a, 12b); 
movable sections (20a, 20b) provided at for- 
ward end portions of said pair of thin plate sec- 
tions (12a. 12b); and 

one or more piezoelectric/electrostrictive ele- 
ments (18a, 18b) arranged on at least one thin 
plate section of said pair of thin plate sections 
(12a, 12b), said method comprising: 
a step of forming said movable sections (20a, 
20b) or said fixation section (14) having mutu- 
ally opposing end surfaces (34a, 34b) wherein 
a distance (Lc) between said end surfaces 
(34a, 34b) is not less than a length (Df) of said 
movable section (20a, 20b), by cutting off a pre- 
determined part of any one of a portion to be 
formed into said movable sections (20a, 20b) 
or a portion to be formed into said fixation sec- 
tion (14) after producing at least said piezoe- 
lectric/electrostrictive element (18a, 18b) on 
said thin plate section (12a, 12b). 

13. A method for producing a piezoelectric/electrostric- 
tive device (10) comprising: 

a pair of mutually opposing thin plate sections 
(12a, 12b) and a fixation section (14) for sup- 
porting said thin plate sections (12a, 12b); 
movable sections (20a, 20b) provided at for- 
ward end portions of said pair of thin plate sec- 
tions (12a, 12b); and 

one or more piezoelectric/electrostrictive ele- 

monfd 1 1 Pn 1 RM qrrannnrl nn at InqqT onp thin 
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plate section of said pair of thin piate sections 
(12a. 1 2b), said method comprising: 
a step of producing a ceramic laminate (60) by 
integrally sintering a ceramic green laminate 
(58) including at least a ceramic green sheet 
(50A to 501) having a window and ceramic 
green sheets (52A, 525) to be formed into said 
thin plate sections (12a. 12b) thereafter to pro- 
duce said ceramic laminate (50); 
a step of forming said piezoelectric/electrostric- 
tive element (18a, 1 8b) on an outer surface of 
a portion of said ceramic laminate (60) to be 
formed into said thin plate section (12a, 12b); 
and 

a cutoff step of forming said movable sections 
(20a, 20b) or said fixation section (14) having 
at least mutually opposing end surfaces (34a, 
34b) wherein a distance (Lc) between said end 
surfaces (34a, 34b) is not less than a length (Df) 
of said movable section (20a, 20b), by means 
of at least one time of cutoff treatment for said 
ceramic laminate (60) formed with said piezo- 
electric/electrostrictive element (18a, 18b). 

14. The method for producing said piezoelectric/elec- 
trostrictive device according to claim 13, wherein: 

in said step of producing said ceramic laminate. 
, said ceramic laminate (60) is produced by inte- 
grally sintering a ceramic green laminate (58) 
including a plurality of ceramic green sheets 
(50A to 501) each having a window (54) for 
forming said movable section (20a, 20b) or said 
fixation section (14) having at least said mutu- 
ally opposing end surfaces (34a, 34b), and said 
ceramic green sheets (52A, 52B) to be formed 
into said thin plate sections (12a, 12b) thereaf- 
ter to produce said ceramic laminate (60); and 
in said cutoff step, said movable section (20a, 
20b) or said fixation section (14), which has at 
least said mutually opposing end surfaces 
(34a, 34b) and in which said distance (Lc) be- 
tween said end surfaces (34a, 34b) is not less 
than said length (Df) of said movable section 
(20a, 20b), is formed by means of said cutoff 
treatment for said ceramic laminate (60) formed 
with said piezoelectric/electrostrictive element 
(18a, 18b). 

15. The method for producing said piezoelectric/elec- 
trostrictive device according to claim 13 or 14, 
wherein: 

in said step of producing said ceramic laminate, 
said ceramic laminate (60) is produced by inte- 
grally sintering a ceramic green laminate (58) 
including a plurality of ceramic green sheets 



forming a portion (20D) to be formed into said 
movable section (20a, 20b) or a portion to be 
formed into said fixation section (14) having ai 
least said mutually opposing end surfaces 
5 (34a. 34b) partially connected to one another, 

and said ceramic green sheets (52A, 52B) to 
be formed into said thin plate sections (12a, 
12b) thereafter to produce said ceramic lami- 
nate (60); and 

w in said cutoff step, said portion (20D) to be 

formed into said movable section (20a, 20b) or 
said portion to be formed into said fixation sec- 
tion (14) having at least said mutually opposing 
end surfaces (34a, 34b) partially connected to 

15 one another is formed by means of said cutoff 

treatment for said ceramic laminate (60) formed 
with said piezoelectric/electrostrictive element 
(18a, 18b), and said movable section (20a, 
20b) or said fixation section (14), which has 

20 said mutually opposing end surfaces (34a, 34b) 

and in which said distance (Lc) between said 
end surfaces (34a, 34b) is not less than said 
length (Df) of said movable section (20a, 20b), 
is formed by cutting off said connecting portion 

25 (106). 

16. The method for producing said piezoelectric/elec- 
trostrictive device according to any one of claims 1 2 
to 15, further comprising a step of allowing a plural- 
30 ity of members different from a constitutive member 
of said movable section (20a. 20b) or laid fixation 
section (14) to intervene between said mutually op- 
posing end surfaces (34a, 34b). 
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The method for producing said piezoelectric/elec- 
trostrictive device according claim 16, wherein or- 
ganic resin is used as at least one member of said 
plurality of members. 
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